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effective 
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anxiety, 
tension 
and 
insomnia 


= reduces preoperative fear 


= helps ensure natural sleep 
without morning hang-over 


= no significant lowering 
of blood pressure 


= no respiratory depression 


= well tolerated, 
relatively nontoxic 
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Patent Ductus Arteriosus with Pulmonary 
Hypertension 


HARRIS B. SHUMACKER Jr., M.D., and PAUL R. LURIE, M.D., Indianapolis 


The classic patent ductus arteriosus is 
easily recognized, and its surgical treatment 
is not only curative but practically free of 
fatality. When the malformation is associ- 
ated with pulmonary hypertension, the 
diagnosis is more difficult and _ surgical 
management is attended with special prob- 
lems. It is the purpose of this communica- 
tion to describe our experiences with patent 
ductus and pulmonary hypertension. 


Patent Ductus and Proved Pulmonary 
Hypertension Not Associated with 
Other Congenital Malformation 
of the Heart 


In 1950 we abandoned the policy of treat- 
ing patent ductus by the multiple ligation- 
transfixion method and began to employ 
division and suture as the procedure of 
choice. The former had yielded over-all 
good results but had not been free of dis- 
astrous consequences. One patient ultimate- 
ly died of hemorrhage which began when 
a ligature was drawn about the ductus. 
Another developed bacteremia and recanali- 


Submitted for publication Sept. 4, 1957. 

From the Department of Surgery, Indiana Uni- 
versity Medical Center. 

Presidential address delivered at the Fifth 
Scientific Meeting of the North American Chap- 
ter of the International Society of Angiology, New 
York, June 1, 1957. 

Aided by grants from the James Whitcomb 
Riley Memorial Association, the National Heart 
Institute, Department of Health Education and 
Welfare, and the Indiana Heart Foundation. 


zation about six weeks after closure of the 
ductus and died of ventricular fibrillation 
when the thorax was reexplored, before the 
reopened ductus could be divided. A third 
developed an aneurysm of the aortic end 
of the ductus some months after ligation. 
Fortunately, this complication was success- 
fully managed.* With the method of divi- 
sion and fatality has 
encountered in the treatment of uncompli- 
cated patent ductus arteriosus and no re- 
canalization has occurred. 

During this latter period the ductus has 
been divided with 
varying degrees of proved pulmonary hy- 
pertension. Cases of aorticopulmonary 
fistula are not included. We shall consider 
only cases in which elevation in pulmonary 
artery or right ventricular pressure was 
established by preoperative catheterization 
or by direct measurement at the time of 
operation. During this same period of time 
cardiac catheterization has revealed normal 
resting pressures in the pulmonary artery 
in 16 other cases. Information as to pres- 
sure was not available in most of the pa- 
tients with patent ductus operated upon 
during this period. The patients with nor- 
mal pressure ranged in age from 5 months 
to 30 years, and all, save the youngest 
infant, had a typical continuous murmur. 
Their electrocardiographic and _ radiologic 
* This patient was operated upon in Connecticut 
some years ago and was subsequently treated suc- 
cessfully by Dr. G. E. Lindskog. 


suture no been 


in 31 cases associated 
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findings were those expected in this condi- 
tion, with the exception of one 10-year-old 
child, whose electrocardiographic tracings 
were indicative of right ventricular hyper- 
trophy. That the pressure dynamics were 
not necessarily normal in all of them, in 
spite of normal resting values, is indicated 
by the fact that in the only patient subjected 
to exercise the pressure rose appreciably. 
In this 30-year-old man the pressure at rest 
in the pulmonary artery was 11/5 and in 
the right ventricle 17/1, and the systemic 
pressure was 77/39. With exercise the 
right ventricular pressure rose to 33/4. 
Undoubtedly, a fair number of patients 
other than the 31 with proved hypertension 
actually had elevation of pulmonary artery 
pressure. In contrast to the usual findings, 
some had an unusually loud second pulmonic 
sound, evidence of right ventricular hyper- 
trophy, undue enlargement of the pulmo- 
nary vasculature, a palpably tense, large 
pulmonary artery at operation, or the pecu- 
liar vascularity of the surface of the lung 
seen so commonly in pulmonary hyperten- 
That, 
pulmonary hypertension may go unrecog- 


sion. without actual measurement, 
nized is illustrated by one of our cases in 
which all the physical, radiologic, and elec- 
trocardiographic findings were typical but 
in which the pulmonary pressure at opera- 
tion was found to be 85 systolic when the 
aortic pressure was 98 (Case 14, Table 2). 

Among the 31 cases with proved hyper- 
tension the elevation in pressure was mild 
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or moderate in 13 (Table 1).¢ These pa- 
tients ranged in age from 3 months to 32 
years. In seven, including two of the three 
infants, the characteristic continuous mur- 
mur was present. In six the murmur was 
atypical. In five patients there was electro- 
cardiographic evidence of right ventricular 
hypertrophy. One had atrial fibrillation. In 
eight there was x-ray evidence of consid- 
erable over-all enlargement of the heart 
(Fig. 1). Three were in cardiac failure 
and receiving digitalis. 

The pulmonary artery pressure was only 
slightly elevated in 7 of the 13 patients. 
One of them was hypotensive during the 
catheterization study. Though the right ven- 
tricular pressure was normal, as was the 
pulmonary artery pressure on one occasion, 
the pressure in the pulmonary artery other- 
wise varied from 30/26 to 54/48. The 
cardiac murmur was atypical in three of 
the seven patients. One of the patients who 
had minimally increased pressures was in 
chronic heart failure on a rigid medical 
regimen. His pulmonary artery pressure 
did rise to 55/27 with exercise. This pa- 
tient was a 32-year-old man whose ductus 
had been ligated in 1946. At this time he 
had subacute bacterial endarteritis. Reca- 
nalization had occurred, and during the next 
few years he had been treated for pro- 
longed and bacteremia on several 
occasions. He had been dyspneic, with 
hepatomegaly, rales, and atrial fibrillation 


fever 


+ Pressures recorded in this and other tables are 
typical samples or averages of several. 


TABLE 1.—Patent Ductus Arteriosus with Mild or Moderate Pulmonary Hypertension 








Marked Cardiac 
Typical Hypertrophy Enlargement, 
EKG X-Ray 


Case Age, 
‘ Yr. y 


Murmur R. V., 


Yes 
Yes 


Z 


Oak onwe 
D~m Oren oO 
é tring 

> 
il Set 4 4 


= 


M 
F 
F 


Diameter 
Date of of Ductus, 
PT. a. Operation Mm. 


62/37 101/64 1/28/52 12 

40/23 8 
46/31 g 

39/27 10 

36/16 16 

/ 10 

7/7/54 10 

4/9/55 6 


Pressure, Mm. Hg 





Systemic 


4/20/55 5 
4/23/55 9 
6/18/56 Large 
10/26/56 6 
4/22/57 5 





* Rose to 55/27 with exercise. 
t Measured at operation. 
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PATENT DUCTUS ARTERIOSUS 


Fig. 1—Roentgenogram showing cardiac en- 
largement in patient with patent ductus arteriosus 
and mild pulmonary hypertension (Case 12, Table 


1). 

for some time prior to his second operation. 
A huge recanalized ductus arteriosus asso- 
ciated with a large calcific aneurysm of the 
ductus and the pulmonary artery was re- 
the 
other six patients the pulmonary artery 
pressure was more significantly increased. 


sected, with satisfactory results. In 


In half of them the murmur was atypical. 


Two were in failure and were receiving 
digitalis at the time of treatment. 

In this group of patients with mild or 
moderate the ductus 


hypertension, was 


Taste _2—Patient Ductus with 





found to be large or fairly large. All of 
the patients save one (Case 3) withstood 
operative treatment without difficulty. This 
2'%-year-old child was quite ill, on bed rest 
and digitalis therapy, prior to operation. 
The operative procedure was uneventful. 
Because of persistent atelectasis, which did 
not respond to nasotracheal catheter aspira- 
tion, he was subjected to bronchoscopy two 
days following operation. 
occurred, 


Cardiac arrest 
could not be 
In general, follow-up has been 
adequate. Patient 11 still has fibrillation and 
is taking digitalis. As yet no attempt at 
conversion has been made. 


and _ resuscitation 
achieved. 


He is getting 
along nicely. All the others are doing well 
without medication. 

In Table 2, data are recorded concerning 
18 cases in which there was evidence of 
marked pulmonary hypertension. Included 
are cases in which the pulmonary pressure 
was equal to the systemic, cases in which 
the pulmonary artery pressures were 80 
mm. or more, and those with systemic hypo- 
which the pulmonary 
80% of the 


greater. In some with nearly systemic pres- 


tension in artery 


pressure was systemic or 
sures it was clear that the shunt was all, or 
practically all, from left to right. In others, 
either from angiographic study or from 
arterial oxygen desaturation of descending 
aortic or femoral blood, it was evident that 


Bi- 


considerable reversal was taking place. 


_ Severe Pulmonary Hypertension _ 








Hyper- 
Age, Sex Typical trophy 
Yr. Murmur R. V., EKG 


= 


No Yes 
Yes 

No Yes 
No 

Yes Yes 
No F Yes 
No 

No Yes 
Yes Yes 
No Yes 
No Yes 
No Yes 
Yes Yes 
Yes 

No 

Yes Yes 
No Yes 
No 


a 


Ss sss ss Ss sss 
= 


OPK SNH HK SISO 


= 


Cardiac Enlarge- 
ment, X-Ray —_—-— 


General R. v. 


Yes 


Diameter 
Date of of Ductus, 
Operation Mm. 


Pressure Mm. Hg 
R. V. 


P. A. Systemic 


3/3/51 
4/3/51 
10/4/52 
11/24/52 
12/4/52 
6/3/53 
17/53 
1/53 
/9/53 
30/54 
9/54 
11/54 
13/54 
23/54 
9/55 
6/55 
3/31/56 
4/57 


Low 
Low 
83/60 
120/54 


78/52 
54° 


98 t 


Cee O em wre 1-1 


- 





* Measured at operation, mean pressures. 
+t Measured at operation, systolic pressures. 
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Fig. 2.—Roentgenograms on patient with severe pulmonary hypertension (Case 17, Table 2) show- 


ing (A) cardiac enlargement and pulmonary vascular engorgement prior to operation and (B) ap- 


pearance of chest three months later. 


directional shunt was thus established in 
Cases 7, 17, and 18. In Case 11 the shunt 
was largely from pulmonary artery to aorta. 
The fingers of the left hand and the toes 
were clubbed. Unfortunately, data are not 
available in ail instances to permit one to 
establish the presence or absence, or the 
degree, of reversal of flow. 

The patients varied in age from 5 months 
to 19 years. Four were infants. The mur- 
mur was atypical in 12 of the 18 patients. 
There was electrocardiographic evidence of 
right ventricular hypertrophy in four cases. 
Considerable general cardiac enlargement 
was noted radiologically in most of them 
(Fig. 2), and the right ventricle seemed 
to be enlarged in the majority. In two 
with systemic pressure in the pulmonary 
artery the heart was not generally increased 
in size (Cases 7 and 18). In them there 
was evidence of mild right ventricular en- 
largement and some enlargement of the 
main pulmonary artery, but branch arteries 
were of relatively normal caliber (Fig. 3). 
All of the patients had cardiac symptoms. 
A number were in heart failure and were 
being treated with digitalis. Others had 
retardation of physical development. 
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In all cases after the ductus was dissected 
free, it was temporarily occluded in order to 
see whether the heart action and systemic 
blood pressure remained good. Occasion- 

Fig. 3.—Roentgenogram on patient with patent 
ductus arteriosus and severe pulmonary hyperten- 
sion (Case 18, Table 2) showing relatively small 
heart size, evidence of some right ventricular en- 
largement, and enlargement of pulmonary trunk 
with relatively normal-appearing branch arteries. 
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ally, this was first accompanied by an 
alarming tachycardia, though on subsequent 
occlusion of the ductus this abnormal re- 
sponse ceased. In Case 2 such a tachycardia 
occurred repeatedly with clamping of the 
ductus. Finally, after numerous attempts, 
the heart rate remained relatively normal. 
Just as the division and suture of the ductus 
were completed, the patient went into auric- 
ular fibrillation. This persisted for a while, 
but conversion took place following digitali- 
zation. After several weeks digitalis was 
uneventfully discontinued. This is the only 
patient in whom recatheterization has been 
performed after a substantial interval of 
time. Three and a half years after opera- 
tion the pressure values had returned to a 
nearly normal level. The pulmonary artery 
pressure was 30/6 and the right ventricular 
pressure 37/5, and the systemic pressure at 
that time was 110/70. In some of the pa- 
tients direct pressure tracings were made 
before and after clamping of the ductus. In 
Case 11 the mean pressure in the pulmonary 
artery was 58 mm. and that in the aorta 54 
mm. before ductal occlusion. After division 
of the ductus the pulmonary artery pressure 
was precisely the same, but the aortic pres- 
sure had risen to 64 mm. This patient did 
well. A fatal outcome occurred in one who 
had a substantial fall after occlusion of 
the ductus (Case 18). The pulmonary ar- 
tery pressure was originally 80/70. Clamp- 
ing the ductus brought about a rapid fall 
to 55/45. She withstood the operative pro- 
cedure without difficulty and seemed to be 
convalescing nicely, only to die suddenly 
on the fourth postoperative day. Since post- 
mortem examination revealed nothing to 
explain her death, it was logical to assume 
that it was brought about by a sudden dis- 
astrous change in cardiac rhythm. 

In each case, save one (Case 18), the 
ductus was found to be quite large, and in 
the exceptional case it was moderate in size. 
Difficulty at the time of operation occurred 
only once (Case 7). In this small 41%4-year- 
old child there was a large and quite short 
ductus. After adequate mobilization it was 
divided between clamps. During the suture 
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closure of the aortic end of the ductus, 
the clamp slipped and a substantial loss of 
blood occurred. The aorta was quickly oc- 
cluded above and below the area; the closure 
of the ductus was completed, and the blood 
lost was replaced. During this period the 
clamp slipped from the pulmonary artery 
side. Up to this time heart action had been 
good. With further loss of blood, cardiac 
arrest suddenly developed and resuscitation 
was impossible. Since this tragic accident, 
a large short ductus has been divided in 
stages rather than at once, with staged 
suture closure of the two ends as the divi- 
sion of the ductus was completed. In addi- 
tion, hypotension has been induced when 
the aorta and ductus appeared difficult to 
manage safely because of high tension. 

Thus 2 of the 18 patients died. The re- 
mainder did well. 

In all instances, regardless of the presence 
or absence of pulmonary hypertension, the 
following technique was utilized: A long 
posterolateral incision was made. 
of the older patients a long segment of 
either the fourth or the fifth rib was re- 
moved subperiosteally. In the vast majority 
an intercostal incision in the fourth inter- 
space was employed. After incision of the 
mediastinal pleura, the aorta and the sub- 
clavian artery were thoroughly mobilized 
(Fig. 4). First, the subclavian artery was 


In some 


dissected free and an umbilical tape was 
placed about it. Next, the aorta below the 
ductus was freed and a tape was put around 
it. Finally, a tape was placed about the 
aorta proximal to the ductus. The aorta in 
the region of the ductus and above and 
below it was thoroughly mobilized poste- 
riorly, after which the ductus was dissected 
free throughout its entire extent. The vagus 
nerve was left displaced mesially over the 
surface of the pulmonary artery. In placing 
the clamp across the pulmonic end of the 
ductus, the recurrent nerve could be easily 
visualized and injury to it avoided. Pott’s 
ductus or coarctation clamps were then ap- 
plied to the ductus. It was divided at once, 
or in stages, with simultaneous suture of 
the divided ends. A continuous locking su- 


183 








A. M. A. 


ARCHIVES OF SURGERY 





Fig. 4.—Drawing illustrating technique of transection and suture of patent ductus arteriosus. 
(A) The aorta and patent ductus have been thoroughly mobilized. (B) Clamps have been 
placed across the ductus. The clamps are placed vertically but for sake of clarity are shown 
in a tangential plane to that of the aorta. (C) The ductus is partially severed, and each side 
is closed as the transection proceeds. (D) Traction sutures keep the suture line in view during 


release of the clamps. 


ture of 00000 silk was employed. It was 
begun anteriorly, and, after reaching the 
posterior end of the line of suture, it was 
brought back as a double continuous suture. 
The tied ends were left long as a traction 
suture. Figure-of-eight sutures were then 
placed in the mid- and posterior portions of 
each suture The use of these three 
traction sutures at the time of release of 


line. 


the clamp permitted one to have control of 
the entire suture line and avoided disap- 
pearance of the posterior portion of the 
suture line underneath the pulmonary ar- 
[f a small leak occurred, the 
clamp could be easily and accurately reap- 


tery or aorta. 


plied by pulling on these traction sutures. 
In many cases operation was facilitated by 
the production of a mild systemic hypoten- 
dilute 
trimethaphan camphorsulfonate (Arfonad).’ 
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sion with an intravenous drip of 


The mediastinal pleura was reapproximated 
over the aorta; the lungs were expanded, 
and the chest wall was closed in layers with 
silk sutures. A catheter brought out through 
the wound and left in place during the 
closure was removed after aspiration was 
carried out. 


Patent Ductus and Coarctation with 
Proved or Probable Pulmonary 
Hypertension 


Twenty-two patients with coarctation of 
the aorta and patent ductus arteriosus have 
been treated surgically. Six had preductal 
and 16 postductal coarctation. Two with 
postductal were subjected to 
cardiac catheterization and were found to 
have normal pulmonary artery pressures. 


coarctation 


In one infant 5 weeks old some pulmonary 
hypertension was found (Case 7, Table 3). 
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TABLE 3.—Patent Ductus Arteriosus and Coarctation 














Pressures, Mm. Hg Diameter 3 
Case Age Sex — ——----—_-—_—_—_——_ Date of Type of Ductus, Type of Repair 
No. P.A R. V. Dise A Operation Mm. 
1 12 F 46/26 52/8 76/63 1/20/54 +Preductal Large Free subclavian graft 
2 21 F 79/45 62/28 79/8 8/25/54 Preductal & 10 (1) Distal segment to caudal aspect of 
Postductal 10 (2) divided subclavian 
3 ll F 4/23/55 Preductal 7 Free subclavian graft 
4 18 F 7/16/55  Preductal 5 Distal segment to base of subclav- 
ian 
5 5 — M 7/21/56 Preductal 4 End-to-end aortic 
6 F 48/31 49/4 64/37 9/4/56 Preductal il Ductus to proximal aorta 
7 5 &. M 39/11 51/3 97/79* 4/15/57 Postductal 5 End-to-end aortic 





* Proximal aortic pressure. 


In three of the patients with preductal 
coarctation, cardiac catheterization revealed 
pulmonary hypertension of varying degree. 
Since pulmonary hypertension was found 
in all three cases of preductal coarctation 
subjected to cardiac catheterization and 

all of those with preductal coarctation and 
other congenital abnormalities of the heart 
(Table 4), we shall consider as probable 
cases associated with pulmonary hyperten- 


The single patient with a postductal coare- 
tation and elevated pulmonary artery pres- 
sure was 5-week-old infant 
failure and on digitalis. Catheterization re- 
vealed moderate pulmonary hypertension. 
He has done well since operative repair. 
The ages of the patients with preductal 
coarctation were 5 weeks and 3, 11, 12, 18, 
and 21 years. In all of them the ductus 
was divided and aortic continuity was re- 


a in cardiac 








sion the three in which pressure measure-_ stored. In one it was possible to approxi- 
ments were not made (Table 3). mate the proximal and distal aortic 
TABLE 4.—Patent Ductus and Other Cardiac Anomalies 
Pressures, Mm. 
Case Age Sex ——— . ——~ Date of Operative Comment 
No. P.A. R.V. Systemic Operation Procedure 
Patent Ductus and Ventricular Septal Defect 
1 8 yr. M 7/ Division P. D. og years later P. A.°22/10, R. V. 
20/1 
2 22 yr. F 97/57 125/1 140/69 1/4/52 Division P. D. Postoperative: P. A. 116/60,{R. V. 
137/—1; systemic 140/75 
3 ll mo. M 63/48 70/10 120/70 1/21/53 Division P. D. 
4 7.5 mo. M 7/11 5/13/53 Division P. D. P. A. & R.V. pressures same as 
systemic 
5 2.5 mo. M 69/29 77/7 11/11/53 a 1g! P.D. & 
. 8. D.; hy pothermia Died 
6 5.5 mo. F 76/53 68/6 97/65 11/18/53 Division: P. og | ber later attempted repair 
died 
7 8 mo. F 52/37 65/—6 1/25/55 Division P. D. Died 
s 1.5 yr. F 25/12 24/0 107/33 11/16/56 Division P. D. Pulmonary flow four to five times 
systemic 
Patent paste. Coarctation, and Ventrical Septal Defect 
) 11 mo. F 102/55 95/ 109/65 7/30/52 Division P. D. pent zeae mild coarctation arch 
of ao 
10 6 wk. M 56/9 60/0 10/31/56 Repair all 3 defects— Died: peodectal coarctation 
extracorporeal 
circulation 
ll 7 mo. M . 12/19/56 Repair all3 defects— Died; preductal coarctation 
extracorporeal 
circulation 
12 4 mo. F 39/17 36/—7 2/13/57 Repair P. D. & Died; preductal coarctation 
coarctation 
13 3.5 mo. F 85/1 4/3/56 Repair P. D. & Died; preductal coarctation 
coarctation; constric- 
tion of P. A 
Patent Ductus, Cc coarctation, and —— Primnm Atrial Septal Defect 
14 8 mo. } 75/33 81/7.5 2/18/54 Repair P. D. and Died; postductal coarctation 
coarctation (free sub- 
clavian graft) 
Patent Ductus and Complete Anomalous Pulmonary Venous Return 
15 6 mo. 3/24/52 Division P. D. Died 
Patent Ductus and Atrial Septal Defect 
16 9 mo. F 57 t 3/13/50 Division P. D. Three years later P. A. 68/53; 





R. V. 64/19, systemic 88/52 





* Pressures not recorded but equal in P. A., R. V., and aorta. Bidirectional shunt on angiocardiography. 


+t Mean pressure, 
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segments. In another the coarctation was 
situated at the base of the subclavian artery 
and the distal aortic segment was approxi- 
mated to an incision made in the base of the 
subclavian artery (Case 4). In still another 
the large ductus was divided close to the 
pulmonary artery and the distal end was 
brought up for approximation to the prox- 
imal aortic segment (Case 6). In one pa- 
tient there was not only a large ductus 
emptying into the distal aorta and a long 
atretic segment connecting the base of the 
subclavian with the descending aorta. There 
was also a large fistulous communication 
between the main pulmonary artery and the 
caudal aspect of the middle of the aortic 
arch directly inferior to the carotid? It 
was largely situated within the pericardium. 
This communication, which could not be 
classified other than as a second ductus 
arteriosus, was divided and closed. Since 
the divided end of the distal ductus could 
not be brought up to the base of the sub- 
clavian artery, the subclavian was divided 
proximal to its first branch and depressed 
sufficiently so that a large incision made on 
its caudal aspect could be sutured to the 
distal segment (Case 2). In the other two 
instances the subclavian artery was divided 
distally, detached from the aortic arch, 
turned downward, and reapproximated to 
the end of the arch above and to the distal 
segment below.? All of the patients did 
well. The previously mentioned patient in 
whom there were two communications be- 
tween pulmonary artery and aorta was sub- 
jected to cardiac catheterization a year 
following surgical treatment. Prior to sur- 
gical treatment, the pressure in the pulmo- 
nary artery was 79/45, and that in the 
descending aorta was 79/8. One year later, 
the pulmonary artery pressure was 25/11, 
the radial pressure 137/84, and the femoral 
pressure 134/74. 


Patent Ductus and Other Cardiac 
Anomalies 


In Table 4 are listed all the cases in 
which we have divided a patent ductus ar- 
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teriosus in the treatment of patients in 
whom this anomaly was associated with 
some congenital malformation other than 
simple coarctation of the aorta. There were 
eight patients with patent ductus and a 
ventricular septal defect. All except two 
had pulmonary hypertension. One 8-year- 
old boy was catheterized four years after 
his operation and found to have a left-to- 
right ventricular shunt and normal pressure 
(Case 1). The other was a 1%-year-old 
girl in whom the pulmonary flow was from 
four to five times as great as the systemic 
(Case 8). Four of the eight were female, 
four male. Five were treated in infancy. 
In six patients treatment consisted of in- 
terruption of the patent ductus. Four have 
done satisfactorily (Cases 1, 3, 4, 8). Two 
of them were the patients without pulmo- 
nary hypertension. One patient was a 
cyanotic, very ill, pregnant woman of 22 
(Case 2). There was marked pulmonary 
hypertension. Division of the ductus was 
withstood uneventfully. The preoperative 
catheterization had revealed no evidence of 
an interventricular shunt. Postoperative 
catheterization demonstrated a continued 
severe pulmonary hypertension and a clear- 
cut left-to-right ventricular shunt. The pa- 
tient was delivered of a baby after a fairly 
comfortable pregnancy. A short while later 
she had an episode of heart failure. When 
she was last heard from, one year after 
surgical treatment, her condition was about 
the same as it had been before operation. 
The sixth patient treated by ablation of the 
ductus alone was a very ill infant 8 months 
old (Case 7). She died three days later. 

A 5%-month-old child with severe pul- 
monary hypertension was originally treated 
by division of the ductus. She remained 
quite ill, and reoperation for repair of the 
septal defect was planned. On the day of 
scheduled surgery she developed cardiac 
arrest. Resuscitation was accomplished, and 
an effort was made to close the defect by 
placing an inflatable tube through it, a 
method * we have since abandoned as un- 
satisfactory. She died during the procedure. 
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In the remaining case the infant died during 
the operative attempt to repair the ductus 
and ventricular septal defect under hypo- 
thermia (Case 5). 

Thus, in this group three patients died; 
one was little if any improved, and four 
are doing well. 

Five very ill infants had patent ductus 
arteriosus, coarctation of the aorta, and a 
large ventricular septal defect. All died. 
In one very ill infant with pulmonary 
hypertension of systemic magnitude only the 
ductus was transected. In addition to the 
divided ductus and the septal defect, post- 
mortem study revealed a mild coarctation of 
the arch of the aorta. In another case the 
patent ductus and coarctation were repaired 
(Case 12). She died some hours later. In 
two patients the ventricular septal defect 
was repaired with the aid of extracorporeal 
circulation immediately following division 
of the ductus, excision of the coarctation, 
and restoration of aortic continuity. The 


pulmonary arteries remained tense, and by 
the completion of the procedure bloody 


secretions were being removed by aspira- 
tion from the tracheobronchial tree. One 
died during the night of operation. The 
other seemed to be doing reasonably well 
shortly afterward but died the following 
day. In the fifth case the ductus and coarc- 
tation were repaired. An effort was then 
made to reduce the pulmonary hypertension 
by constriction of the pulmonary artery.‘ 
When the artery was constricted sufficiently 
to reduce the pulmonary pressure appre- 
ciably, the heart would dilate and its action 
become weak. A compromise which gave 
the maximum with continued 
good cardiac function was reached. This 
child, too, died on the day after operation. 


constriction 


In one very ill infant the patent ductus 
and aortic coarctation were repaired about 
a week after an atrial exploration under 
hypothermia had been carried out without 
definitive surgery (Case 14). Postmortem 
study revealed a large septum-primum type 
of defect. 
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Another child operated upon for patent 
ductus arteriosus and persistent atelectasis 
of the left lung seven years before has done 
fairly well (Case 16). Cardiac catheteriza- 
tion performed three years after operation 
revealed a large atrial shunt and persistent 
increase in right ventricular pressure. Her 
parents have not permitted reoperation for 
correction of this anomaly. 


One infant was subjected to division of 
a patent ductus, and nothing was done about 
his anomalous pulmonary venous return 
(Case 15). He died three days later, and 
postmortem examination revealed a hypo- 
plastic left atrium and ventricle, complete 
anomalous return of all pulmonary veins to 
the right atrium, and a foramen ovale. 
Obviously, an effort should have been made 
to correct partially this anomaly. 


Comment 


The recognition of the typical case of 
patent ductus arteriosus ordinarily presents 
no difficulty. In contrast, patients with sig- 
nificant pulmonary hypertension may pre- 
sent an atypical picture, one which is often 
difficult to differentiate from other cardiac 
abnormalities, such as ventrcular septal 
defect. Here the murmur is likely to be 
systolic or a broken systolic and diastolic, 
rather than a continuous, murmur. The 
second pulmonic sound is increased. The 
heart is apt to be considerably enlarged in 
size with overloading of the pulmonary 
vessels. On x-ray study enlargement of the 
right ventricular is often noted, and electro- 
cardiographic tracings frequently demon- 
strate right ventricular hypertrophy. This 
clinical picture has been well described, and 
contributions have been made to better un- 
derstanding of the physiopathologic proc- 
esses involved.*** 

It has long been recognized that the 
surgical management of patent ductus ar- 
teriosus associated with pulmonary hyper- 
tension presents a more difficult problem 
than is encountered in the treatment of the 
usual case. The ductus itself is usually 
quite large and short. There may be scle- 
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rotic changes in the adjacent aorta. Since 
the early paper of Sandblom and Ekstrom,’* 
attention has been directed to the technical 
difficulties which may be encountered at the 
time of operation. It is my feeling that 
these troubles have become progressively 
minimized. Only in one of our cases was 
death due to such difficulties. In this in- 
stance a large, short ductus had been com- 
pletely divided after the application of 
clamps. First, one clamp slipped off the cut 
end of the ductus and then the other. Since 
that accident we have always made it a 
policy, not only in the treatment of patent 
ductus associated with pulmonary hyperten- 
sion but in all cases in which the ductus is 
very large or short, to divide the clamped 
ductus in stages, carefully suturing the cut 
ends on either side as the division pro- 
gresses. This maneuver adds considerable 
safety. Often when the aorta or the aorta 
and pulmonary artery are palpably very 
tense, we induce hypotension and find that 
the dissection and ductal division and suture 
are made much easier. It is also my convic- 
tion that thorough mobilization of the aorta 
above and below and in the region of 
the ductus eliminates, to a large extent, the 
hazards associated with this procedure. The 
technique which we utilize is apparently 
essentially the same as that mentioned by 
Jones some years ago.”> Though most sur- 
geons displace the vagus nerve to the aortic 
side of the ductus, we have preferred to 
leave it lying over the pulmonary artery. 
This enables one to handle the aorta without 
fear of injury to the nerve. We have en- 
countered no difficulty in avoiding injury 
to the nerve during placement of the clamp 
across the pulmonic end of the ductus. We 
utilize the same general technique in ordi- 
nary cases of patent ductus as in those asso- 
ciated with pulmonary hypertension. 

A number of observations are recognized 
as being helpful at the time of exploration. 
Once the ductus is isolated, it should be 
temporarily occluded in order to see whether 
such occlusion is well withstood. The de- 


velopment of tachycardia or systemic hypo- 
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tension is a bad sign. If tachycardia 
develops or the heart action becomes weak, 
the clamp can be removed; and after a 
period of rest the same maneuver can be 
tried again. In one of our patients each 
clamping of the ductus was associated with 
alarming tachycardia until, after numerous 
attempts, the ductus could be occluded with- 
out apparent interference with cardiac 
function. In this case the patient developed 
atrial fibrillation shortly after the ductus 
was divided and sutured, but this rhythm 
disturbance disappeared with adequate digi- 
talization. It has also been pointed out that 
one can gain information of prognostic 
value by measuring the pulmonary artery 
pressure before and after occlusion of the 
ductus. We believe that this is most worth 
while and that it should be done routinely 
in all cases in which there is elevation of 
pulmonary artery pressure. A drop in pul- 
monary artery pressure with occlusion of 
the ductus is a good sign. A rise, on the 
other hand, seems to be ominous. A fall in 
pulmonary artery pressure with temporary 
occlusion of the ductus does not, of course, 
guarantee survival of the patient. One of 
ours with pulmonary hypertension of sys- 
temic magnitude had a significant drop in 
pressure on clamping the ductus, withstood 
the operation uneventfully, and seemed to 
be doing splendidly for a few days, when 
she suddenly died. The mechanism of death 
was not evident from careful postmortem 
study. 

It is difficult to establish the risk involved 
in operating upon patients with patent 
ductus arteriosus and marked pulmonary 
hypertension. Sirak and Humphreys re- 
cently reported 10 patients with atypical 
ductus, 3 of whom died at operation or in 
the immediate postoperative period and the 
fourth two months after operation. They 
reviewed the recorded experience up to that 
time and, including their own cases, found 
that 45 patients had undergone operative 
treatment. Twenty-three patients survived 
the operation. One of them died seven 
months later. Seventeen died during or after 


Vol. 76, Feb., 1958 





PATENT DUCTUS ARTERIOSUS 


the operation; in one the ductus was only 
partially occluded, and in four the operation 
was not completed because of cardiac arrest 
or hemorrhage. Four of the survivors had 
intracardiac defects. One who 
died had fibroelastosis and mitral and aortic 
The authors estimated that one- 


third of the failures were due to technical 


associated 
stenosis. 
errors. If the technical errors can be elim- 
inated, as we think is possible, the mortality 
should be markedly improved. Our cases 
are not necessarily comparable to those re- 
the mortality was only 
about 10%, and only one death was the 


viewed. However, 
result of an operative disaster. 

Apparently, in the usual case, pulmonary 
hypertension results from the presence of 
a large ductus, which permits a significant 
left-to-right shunt with gradual increase in 
pulmonary resistance as progressive vascu- 
lar sclerosis develops. It is imperative, 
therefore, that patent ductus be recognized 
early and treated before this train of events 
brings about its harmful consequences. It 
also seems clear that operation is justified 
when moderate or severe hypertension is 
found to be present. This, we believe, ap- 
plies not only to cases with a left-to-right 
shunt but also to those with some reversal 
of flow. Our experiences would indicate 
that treatment in such cases is effectual and 
relatively safe. Whether surgical ablation 
of the ductus can be successfully accom- 
plished and a good ultimate result obtained 
when the reversal is preponderant or con- 
tinuous is an unsettled question at present. 

It is exceedingly difficult to determine 
the absence or presence of reversal of flow 
or its magnitude in many of the cases re- 
ported. The same is true of some of our 


own. Ordinary catheterization data permit 
left-to-right 
Reversal, on the other 


one to determine whether a 
shunt is present. 
hand, is established only by demonstrating 
desaturation of femoral blood as 


compared with right brachial blood, the 


arterial 


presence of clubbing of the toes, or of the 
toes and fingers of the left hand, and 
the passage of opaque medium from pul- 
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monary artery to aorta on angiography. 
Pressure readings inconclusive and 
sometimes misleading. The pressures may 
be variable during catheterization and can- 
not be assumed to be stable during opera- 
tion. Equal pulmonary artery and systemic 


are 


pressures do not necessarily indicate that 
the flow is evenly balanced. On the other 
hand, the pulmonary artery pressure may 
be recorded as less than the systemic in 
patients with varying degrees of proved 
reversal. This has been true in some of our 
own and in some of the reported cases. The 
surgical results in those cases with apparent 
preponderant reversal have varied and have 
included the following: Operation has been 
abandoned because of the poor response to 
temporary ductal occlusion, as in the case 
of Gerbode.*® The procedure has ended in 
an operative fatality, as in Humphrey’s 
case.’® The patient has survived the opera- 
tion but has not shown appreciable improve- 
ment, as in the case of Kattus and Muller ** 
and in one of our patients who was subse- 
quently shown to have a ventricular septal 
defect (Case 2, Table 4). The patient has 
shown substantial improvement, as was true 
of one of our patients who was doing well 
and growing nicely when last heard from, 
one year after operation (Case 11, Table 2). 

In the rare patient in whom the flow 
is totally or largely reversed, the outlook 
without surgical treatment is hopeless. It 
seeins logical, therefore, that such patients 
should be subjected to surgical exploration. 
We have long thought that should we en- 
counter a significant rise in pulmonary 
artery pressure upon temporary occlusion of 
the ductus, poor heart action, and a fall in 
systemic blood pressure, suggesting that 
complete ablation would end disastrously, 
it might be wise first to attempt to create 
a smaller ductus by performing an end-to- 
side left subclavian-pulmonary artery anas- 
and then to proceed with the 
icansection and suture of the ductus itself. 
Whether thus reducing the size of the pul- 
monary aortic shunt would permit survival 
is, of course, a matter of speculation. This 


tomosis 
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approach to the problem was suggested 
some years ago by Kattus and Muller."® 
One could conceivably attack the problem 
in other ways; for example, by the creation 
of a blow-off shunt from the pulmonary 
arterial system into the right atrium or into 
the distal divided end of the subclavian 
artery. Since precisely the same condition 
has not as yet been created experimentally, 
it appears that solution of this problem must 
await carefully evaluated results in clinical 
cases. 

In other cases the pathogenesis and clin- 
ical picture of patent ductus and pulmonary 
hypertension seem quite different. In them 
the fetal pulmonary resistance is apparently 
retained from birth with a balanced pulmo- 
nary and systemic resistance at all times. 
The shunt is demonstrably balanced and 
bidirectional. The heart remains relatively 
small and shows only mild right ventricular 
enlargement on x-ray study. The main pul- 
monary artery is enlarged, but the branch 
arteries appear to be of relatively normal 
caliber. We have seen four such cases. Two 
patients were treated and are included in 
the series reported. Both died, one of 
hemorrhage resulting from a technical error, 
the other suddenly on the fourth postopera- 
tive day. Another died abruptly shortly 
before her planned operation. They were all 
young children. Another (adult) patient 
seen some years ago did not develop cardiac 
symptoms until she was 23. She is the only 
patient with patent ductus for whom opera- 
tion has not been advised. Perhaps this type 
of disorder may prove even more difficult 
to treat than that in the patient who has 
gradually developed a preponderant reversal 
of flow. 

Our experience with the surgical treat- 
ment of patent ductus arteriosus associated 
with pulmonary hypertension was reason- 
ably satisfactory. Of 13 cases with mild 
or moderate pulmonary hypertension, all, 
save one, survived and had good results. 
This fatality unfortunately occurred when 
cardiac arrest developed during bronchos- 
copy carried out in the postoperative period 
for troublesome atelectasis. Among 18 pa- 
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tients with systemic or near-systemic pul- 
monary hypertension there were only 2 
fatalities. The one which resulted from 
technical errors at the time of operation 
represents, we feel, a preventable death. The 
other sudden, unexplained death several 
days after operation, and following an 
apparently uneventful convalescence, would 
not appear to have been avoidable. 

When patent ductus and coarctation of 
the aorta are associated with pulmonary 
hypertension, the surgical management 
seems reasonably safe and satisfactory. No 
fatalities occurred in our seven patients. 
When patent ductus is associated with a 
ventricular septal defect, our experience to 
date suggests that management is a great 
deal more fraught with danger. Three of 
our eight patients died, and in a fourth no 
significant improvement took place. The ven- 
tricular septal defect was apparently small 
in two of the four who had satisfactory 
results following ductal transection. The 
one patient who underwent simultaneous 
repair both of the patent ductus arteriosus 
and of the ventricular septal defect was 
operated upon under hypothermia, a tech- 
nique which is outmoded. The other had 
a poor result following division of the 
ductus and did not survive attempted repair 
of the septal defect by another method, 
also since abandoned as inadequate, carried 
out as an emergency procedure following 
cardiac arrest and resuscitation. Whether 
these patients and the others in the group 
would have withstood simultaneous opera- 
tive repair of the patent ductus and the 
ventricular septal defect with extracorporeal 
circulation, we do not know. At the moment 
it seems to us that if one estimates the 
ductus to be large and the ventricular septal 
defect relatively small, the ductus only 
should be treated at the initial operation. 
One could then judge later whether the 
ventricular defect should be repaired. If, 
on the other hand, one gains the impression 
that one is dealing with a large ventricular 
defect, it would appear that the best ap- 
proach would be direct operative attack for 
closure of the defect itself. This procedure 
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requires isolation of the patent ductus 
arteriosus so that it can be occluded during 
the period of extracorporeal circulation. 
Once the defect is repaired, one could then 
judge from observations of pulmonary ar- 
tery pressure with the ductus open and 
closed whether it should be ablated or for 
the time being left open. 

The more complicated defects have in our 
experience carried a much worse prognosis. 
We have treated five infants who had patent 
ductus arteriosus, coarctation of the aorta, 
and large ventricular septal defects. In one 
patient the patent ductus alone was divided. 
In another the patent ductus was divided, 
the coarctation excised, and the aortic con- 
tinuity restored. In still another the patent 
ductus and coarctation were repaired and 
the pulmonary artery constricted. In two 
others all the defects were repaired with 
the aid of extracorporeal circulation. None 
of the five survived more than a day or so. 
It is impossible frgm our own experience 
to arrive at any valid conclusion as to the 
best method for management of this com- 
plicated condition, We also had a disastrous 
outcome in one patient who had a patent 
ductus arteriosus, coarctation of the aorta, 
and an ostium-primum type of auricular 
septal defect. We do not know whether this 
patient would have survived had the septal 
defect been repaired simultaneously or be- 
forehand. Another patient whose major 
anomaly was complete anomalous return of 
the pulmonary venous drainage into the 
right atrium associated with the usual hypo- 
plasia of the left atrium and ventricle died 
after division of a patent ductus arteriosus. 
It is obvious that in this case section of the 
ductus should have been combined with par- 
tial relief of the other anomaly by means of 
venous-left atrial anastomosis. A single pa- 
tient with patent ductus arteriosus and an 
atrial septal defect was treated by surgical 
occlusion of the ductus. This patient has 
survived a long while but is obviously in 
need of surgical closure of the atrial septal 
defect. The entire problem of patent ductus 
arteriosus associated with intracardiac de- 
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fects, with or without coarctation of the 
aorta, can only be solved as experience is 
gained with the management of these com- 
plicated anomalies. 

The problem of pulmonary hypertension 
in patent ductus arteriosus not only is im- 
portant in itself but has implications which 
apply to the management of other cardiac 
conditions. It is becoming increasingly 
obvious that surgical treatment of a variety 
of abnormalities, such as ventricular septal 
defect and the more complicated atrial septal 
defects, is hampered principally by associ- 
ated pulmonary hypertension and pulmonary 
arteriolar sclerosis of severe degree. While 
the physiologic mechanisms, at least early 
in life, may be quite different in these vari- 
ous disorders, pulmonary hypertension and 
pulmonary vascular sclerosis are common to 
them all. It would seem evident, therefore, 
that what is learned about the management 
of pulmonary hypertension in patent ductus 
arteriosus may be helpful in the solution of 
certain other problems. To this end, it 
would seem wise to study all cases of patent 
ductus arteriosus suspected of having pul- 
monary hypertension very carefully before 
operation by cardiac catheterization and se- 
lective angiocardiography, preferably cine- 
angiography. Every effort should be made 
to determine the direction and degree of 
shunt. Pressure measurements and electro- 
cardiographic tracings should be obtained 
and lung biopsy tissue secured at the time 
of operation. 


Conclusions 

Experiences with the surgical manage- 
ment of 31 patients with patent ductus 
arteriosus and varying degrees of pulmo- 
nary hypertension, 7 cases of patent ductus 
and coarctation definitely or presumably 
associated with pulmonary hypertension, 
and 16 cases of patent ductus associated 
with intracardiac and other anomalies are 


reviewed. The mortality was approximately 
10% in the cases of patent ductus alone. 
All the patients with coarctation and patent 
ductus arteriosus survived. The mortality 
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was disastrously high in those complicated 
cases in which patent ductus arteriosus was 
associated with intracardiac and other anom- 
alies. It is felt that careful study of cases 
such as these will bring about improvement 
in results and may yield information of 
value in the management of other cardiac 
conditions associated with pulmonary hyper- 
tension and vascular sclerosis. 
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Conditioned Vasoconstrictive Responses of Digital 


Vessels 


TRAVIS WINSOR, M.D., Los Angeles 


Previous studies have shown that vaso- 
constriction of blood can be 
produced through the mechanism of condi- 
tioning. The present studies were carried 
out to whether reflexes 
could be blocked with various medications 
which would interrupt the conditioned vaso- 
constrictive reflex but would not 


vessels 


determine these 


influence 
vasoconstriction from the primary stimulus. 
It was postulated that certain disease states, 
such as Raynaud's disease, could represent 
abnormalities of the conditioning mech- 
anism; that is, conditioning could occur too 
easily or would persist for too long a time, 
or the magnitude of the vasoconstrictive 
response would be larger than normal. If 
these postulates were true, it would seem 
desirable to interrupt the conditioned vaso- 
without interfering 
with vasoconstriction resulting from direct 
primary stimulation of the patient. 


constrictive response 


Methods and Materials 


Twenty-seven subjects were studied, consisting 
of medical students, interns, residents, and nurses, 
none of whom had any known disease state. The 
studies were carried out in a warm, comfortable 
room with a room temperature of 25 C, plus or 
minus 1 degree.* A digital plethysmographic cup 
was applied to a finger of the right hand, and con- 


tinuous records were made with an electronic 
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pneumoplethysmograph.* Two electrocardiographic 
electrodes, 1 in. square, were applied to the skin 
of the left arm by means of electrode jelly. These 
were connected to a cardiac pacemaker, which 
delivered a shock of 0.1 duration’ once 
every second for 3 seconds, at 18 volts. This 
provided the primary stimulus which produced a 
downward deflection (vasoconstriction) of the 
plethysmographic record. A buzzer from a code 
practice oscillator which produced a soft, pleasant 
sound was employed during the process of condi- 
tioning ; after a period of training, this became the 
conditioned stimulus. Usually the buzzer alone 
failed to produce vasoconstriction before the 
training period. The technique employed to bring 
about a conditioned vasoconstrictive response is 
shown in Figure 1. At A the buzzer was sounded 
and no vasoconstriction resulted. At B the shock 


, 
second’s 


Fig. 1—Technique employed to produce a con- 
ditioned vasocenstrictive response. See text for 


explanation. 
STIMULUS 








































































































Fig. 2.—Failure of Seated (Nembutal) % grain (50 ai to interrupt alle the 
conditioned or the primary vasoconstrictive response. 


can be seen: 
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Reading from above down, the following 


Sound produced no constriction. Pain produced a constriction. Sound and pain 


simultaneously were delivered during a training period to bring about conditioning. Sound 
now produced a constriction as a result of a successful training period. Pain, the primary 
stimulus, still produced a constriction. The drug was then administered. The training period 
was again repeated to reinforce the conditioning. Sound now produced constriction, meaning 
that pentobarbital failed to block the conditioned response. Pain, the primary stimulus, still 


produced constriction, 


was delivered; which resulted in vasoconstriction. 
At C the sound and shock were delivered together 
once every minute for 10 minutes. At D the sound 
alone was delivered, which resulted in vasocon- 
striction. At this time conditioning had occurred, 
and the sound now was the conditioned stimulus. 

Three groups of subjects were studied. Group 1 
consisted of subjects who received pentobarbital, 
% grain (50 mg.), a placebo, or meprobamate 
(Equanil), 800 mg. Group 2 received the gan- 
glionic-blocking drugs. Group 3 consisted of sub- 
jects who received the phenothiazine derivatives, 
which included chlorpromazine (Thorazine) 
hydrochloride, 50 mg. orally; prochlorperazine 
maleate (Compazine), 5 mg. orally; mepazine 
(Pacatal), 25 mg. orally; methoxyphenothiazine, 
25 mg. orally, and Benactyzine hydrochloride, 
1 mg. orally. Five subjects were studied with 
each drug. 


Results 


Group 1.—All subjects showed the same 
reactions. The typical response of this 
group is shown in Figure 2. Before the 
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training period (sound and shock) sound 
alone failed to produce vasoconstriction. 
After the training period the sound alone 
produced vasoconstriction. Forty-five min- 
utes after pentobarbital (Nembutal)  so- 
dium % grain (50 mg.), the training period 
was repeated by delivering the sound and 
pain simultaneously once a minute for 10 
minutes to be sure that the previously con- 
ditioned stimulus had not worn off. The 
sound was then delivered and vasoconstric- 
tion occurred, indicating that the drug did 
not interrupt the conditioned response. The 
painful stimulus still produced vasoconstric- 
tion. A placebo and meprobamate, 800 mg. 
orally, produced similar reactions. These 
agents failed to interrupt the conditioned 
and primary vasoconstrictive responses. 


Group 2.—The ganglion-blocking agents 
consistently interrupted both the primary 


and the conditioned vasoconstrictive re- 
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Fig. 3.—Blocking effect of mepazine (Pacatal) on the conditioned response. 


Fig. 4—Blocking effect of methoxyphenothiazine on the conditioned response. 
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Fig. 5.—Blocking effect of prochlorperazine 


sponses (Fig. 7). This response is to be 
expected because of the ganglionic site of 
action of these agents, which interrupts the 
efferent pathways over which travel im- 
pulses from the primary painful stimulus, as 
well as from the conditioned stimulus. 

Group 3.—The phenothiazine derivatives 
as a group interrupted the conditioned re- 
sponse without influencing the response to 
the primary stimulus. The doses of these 
drugs were the usual doses recommended to 
produce a tranquilizing effect. 

Mepazine: The upper five traces of Fig- 
ure 3 show that conditioning occurred. 
Mepazine was then administered, and 45 
minutes later the conditioned response was 
reinforced by administering sound and pain 
simultaneously for 10 minutes. After this 
period of retraining the sound alone was 
administered but failed to produce vasocon- 
striction. The electric shock resulted in a 
definite vasoconstrictive response. A similar 
result occurred in all five patients. 
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(Compazine) on the conditioned response. 


Methoxyphenothiazine: The upper five 
traces of Figure 4 show that conditioning 
was produced. Thirty minutes after the 
drug the conditioning was reinforced, as 
in previous experiments. After the retrain- 
ing period sound alone was administered, 
but no vasoconstrictive response resulted. 
The painful stimulus, however, resulted in 
vasoconstriction. The results were similar 
in the other four subjects tested. 

Prochlorperazine Maleate: The upper five 
traces of Figure 5 show that conditioning 
occurred. Forty-five minutes after the drug 
the conditioning was reinforced, as in previ- 
ous experiments. After the retraining period 
the sound was administered but failed to 
elicit a vasoconstrictive response. The pain- 
ful stimulus, however, produced vasocon- 
striction. The four other subjects had 
similar responses. 

Benactyzine Hydrochloride: The condi- 
tioned response was produced (Fig. 6). 
Forty-five minutes after the drug condition- 
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Fig. 7.—Three types of vasomotor reactions occurring after the drugs were employed 


In the pentobarbital and placebo group the conditioned and primary 


ary responses remained 
present. In the ganglion-blocking group the conditioned and the primary responses were 
blocked. In the phenothiazine group the conditioned response was blocked, but the primary 
response was still present. 








ing was reinforced. After the retraining 
period the sound failed to elicit a vasocon- 
strictive response, whereas the painful 
stimulus resulted in vasoconstriction. This 
result occurred in three of the five subjects 
tested. 


Comment 


Three distinct types of reactions occurred, 
which are illustrated in Figure 7. Pento- 
barbital, a placebo, and meprobamate had 
no effect on either the conditioned or the 
primary vasomotor reactions. It is possible 
that pentobarbital and meprobamate act on 
the brain in a location which is not associ- 
ated with the conditioning 
The ganglion-blocking agents consistently 
blocked completely both the conditioned 
response to sound and the primary response 
to shock. This result occurred because the 
efferent sympathetic pathways were blocked 
which ordinarily transmits impulses from 
both the conditioned and the primary stim- 
ulus to the vessels. The phenothiazine 
derivatives consistently blocked the condi- 
tioned response to sound without interfering 


mechanism. 


with the primary response to the electric 
shock. It seems likely that these agents, 
then, act on that portion of the brain which 
is responsible for making an association 
between the shock and the sound, which 
might be called the “conditioning center.” 
The exact anatomic location of this center 
is not known. No attempt was made in 
these studies to determine the smallest pos- 
sible dose of medication which would pro- 
duce this selective blocking effect. It is 
evident, however, that small doses of certain 
agents, for example, benactyzine, were ca- 
pable of blocking the conditioned response 
without interrupting the response to the 
primary stimulus. 

This technique offers a new method for 
classifying agents with respect to their ef- 
fect on the nervous system and brain and 
may throw light on the mode of action of 
the hypnotic, sedative, and tranquilizing 
drugs. It is possible that the central action 
of the phenothiazine derivatives is that of 


producing tranquilization through _ their 
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property of interfering with conditioned 
vasoconstrictive reactions. It is possible 
that frequently repeated vasoconstrictive 
reactions brought about through condition- 
ing from undesirable working conditions or 
from difficult family situations and other 
necessities of daily living result in a feeling 
of unrest and nervousness which cannot be 
described clearly by the patient, as he has 
no knowledge of the kind of reactions which 
are taking place. These persons, then, 
should benefit by agents which block the 
conditioned vasomotor center of the brain. 
It is possible that the phenothiazine deriva- 
tives could be employed successfully for the 
treatment of Raynaud’s disease and other 
disease states, which may represent derange- 
ments of the conditioning mechanism. It 
is of interest that meprobamate and pento- 
barbital provide tranquility, but in thera- 
peutic doses do not interfere with the 
conditioned vasoconstrictive responses. Thus 
their site of action must be other than on 
the “conditioning center” of the brain. 


Summary 


Three groups of drugs were studied to 
determine vasoconstrictive 
responses of the finger tip and toe tip 
could be blocked without interfering with 
the vasomotor reactions from a primary 
stimulus. The phenothiazine derivatives 
benactyzine, prochlorperazine (Compazine), 
methoxyphenothiazine, and mepazine (Pac- 
atal) block the conditioned _ reactions, 
whereas pentobarbital and mephrobamate 
did not interfere with these reactions. 

3875 Wilshire Blvd. 
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Dr. Mitton MENpLowItTz, New York: | should 
like to commend Dr. Winsor on a very interesting 
study of the conditioning of these reflexes. I think 
possibly he would agree that investigation of the 
mechanism of such conditioning would begin with 
a study of the chemistry and physiology of the 
dynamics of vascular reflexes, a field which is 
beginning to broaden considerably. 

I would like to ask Dr. Winsor whether he has 
any ideas as to what site in the brain is responsible 
for this conditioning reflex, and whether he has 
any thoughts, especially in view of the fact that 
amphetamine (Benzedrine) or dextro amphetamine 
(Dexedrine) is believed to be an analogue of 
arterenol and thus may block certain enzymes con- 
cerned with arterenol, especially serotonin inac- 
tivation, on whether conditioning of these reflexes 
might have any relation to this aspect of cerebral 
chemical dynamics. 


Winsor 





Dr. Paut DeCamp, New Orleans: I merely 
should like to ask Dr. Winsor whether he has 
found any of this response clinically in conditions 
such as Raynaud’s disease, and whether he feels 
that some of the responses in those diseases are 
conditioned rather than direct? That, of course, 
brings up the interesting question whether we can 
give some of these drugs, or whether we are re- 
stricted solely to whisky in the treatment of these 
disorders. 

Dr. Travis WINsor: Patients with Raynaud’s 
disease have unusually prolonged vasoconstrictive 
responses; that is, instead of periods of vasocon- 
striction lasting approximately 1 minute, as shown 
in these records, they will last 5, 10, or 15 minutes. 
Also, the responses are conditioned more easily 
than normally; that is, it takes a shorter training 
period to establish the conditioned response than 
normally. Also, the conditioned vasoconstrictive 
response be transferred from one 
to another more easily than normally. 


may stimulus 

The chemistry of these reactions is not clear. 
Pentobarbital, which has primarily a cortical site 
of action, does not block the conditioned response ; 
however, most phenothiazine drugs do block this 
reaction 








Evaluation of Arterial Reconstruction and 


Sympathectomy by Direct Stimulation Ergometry 


EDWARD A. EDWARDS, M.D., Boston 


Introduction 


Aside from necrosis and limb loss, dis- 
ability as expressed by intermittent claudi- 
cation is certainly the greatest problem of 
the patient with arteriosclerosis of the lower 
extremities. It is safe to say the consensus 
is that claudication may be expected to be 
relieved promptly and effectively by arterial 
reconstruction, with pulse restoration. Opin- 
ions as to the efficacy of lumbar sympathec- 
tomy in this regard vary from one of no 
benefit to one of benefit in about three- 
fourths of the cases, but the degree of 
improvement is held to be less than that 
by reconstruction in any case. As with the 
therapeutic procedures in 
general, such opinions are more valuable 


evaluation of 


when they are subjected to objective scru- 
tiny. It is precisely with our problem that 
this is difficult. While claudication means 
limping, the symptom actually complained 
of is pain, apparently of muscle origin; 
and, as with pain in general, the patient’s 
opinion of its severity, the time at which it 
becomes unbearable, and the influence of 
treatment is subject to vagaries of feeling. 
This makes difficult any evaluation in which 
the patient’s subjective response is involved. 

Submitted for publicaion Sept. 4, 1957. 

Senior Associate in Surgery, Peter Bent Brigham 
Hospital; Associate Clinical Professor of Anat- 
omy, Harvard Medical School. 
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Prof. Charles Rob, of London, has told us 
of a treadmill evaluation of intermittent 
claudication in which pills of chalk were 
used as a placebo control. The results, he 
said, were such as could ‘be used to prove 
that chalk is good for the treatment of in- 
termittent claudication. 

Assuming that ischemia of muscle is the 
major factor in claudication pain, Murphy 
and I? approached this problem by examin- 
ing the attributes of calf muscle contraction 
when the muscles are rhythmically stimu- 
lated by an oscillating current, the foot act- 
ing on an adjustable load. The contractions 
are entirely involuntary, and the method 
appears to offer real objectivity. 

This report is based on the results thus 
obtained in 31 patients, comprising a total 
of 48 limbs, studied before and after op- 
eration for varying periods up to three 
years.* 


Material and Method 


Patients.—The 31 patients include 11 who under- 
went arterial reconstruction (17 limbs) and 20 for 
whom lumbar sympathectomy was done (31 limbs). 
Twenty-nine of the patients were arteriosclerotic ; 
one patient had thromboangiitis obliterans (Buer- 
ger’s disease) ; one suffered from multiple arterial 
emboli. The reconstruction group includes only 
patients in whom the peripheral pulses were re- 
stored and maintained at least through the patient’s 
discharge after operation. Others in whom the 
operation was initially satisfactory are not in- 
cluded. The cases are summarized in Tables 1 
and 2. The patients were chosen with reference 
simply to convenience. The sympathectomy group 
included several with disease demonstrably too 
diffuse to permit undertaking reconstruction. 


*Miss Nancy Zimmerman and Mr. Samuel 
Chirman, of the Harvard Medical School class 
of 1959, gave technical assistance. 
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TABLE 1.—Clinical Data on Patients Undergoing Artery Reconstruction 


























Case Age Sex Level of Type of Postopera- Pulse Change Ergometric Comment 
No. Operation Operation tive Pulse at End of Study Result 
1 53 M Lt. ilio- Graft Femoral No femoral Increased, Previous sympathectomy 
femoral pulse then decreased 
2 51 M Rightiliac Endarterectomy Femoral Diminished Decreased Other leg amputated 
3 64 M Lt.femoro- Graft Pedal Tibial Decreased Femoral a. thrombosis at 13 mo., 
popliteal followed by successful endarterec- 
tomy; other leg amputated 
4 50 F  Aortoiliac Graft Pedal Good rt. Increased, Previous sympathectomy; pulse 
femoral; fair later slightly deterioration at 12 mo.; mild peri- 
It. femoral diminished pheral neuropathy—worse on left 
5 659 M Rt.femoro- Endarterectomy Pedal Femoral Increased, Popliteal a. thrombosis at 7 mo., 
popliteal then decreased followed by sympathectomy 
6 i M Aortoiliac Endarterectomy Pedal No change Increased less Probable minor cord lesion 
than expected 
7 52 M Aortoiliac Graft Pedal No change Decreased, 
then slightly 
increased 
s 64 M Aortoiliac Graft Rt. pedal; Both pedal Increased 
It. popliteal pulses present 
” 37 M Lt.femoro- Endarterectomy Pedal Pedal Increased 
popliteal 
10 44 M Aortic Endarterectomy Pedal Pedal Rt. increased; Equivocal evidence for slight CNS 
It. decreased vascular lesion 
ll 63 M Aortic Endarterectomy Pedal Pedal Increased Previous sympathecomy; mild 
peripheral neuropathy 
nldiedadeieiill ices lhc ee echlednaiaaadliceai ici . os sibecdiesuiiia te iiecdibeaniaiiaiad a ee as a cee Ihe OUD 
TABLE 2.—Clinical Data on Patients Undergoing Lumbar Sympathectomy 
Lowest Lowest Pulse 
Case Age Sex Side Preoperative at End of Ergometric Comment 
No. Pulse Study Result 
1 53 F Bilat. Pedal Rt. popliteal; Increased 
It. pedal 
2 54 M Bilat. Femoral Femoral! Decreased Ocelusions of carotid and subclavian arteries; 
old coronary occlusion 
3 77 F Bilat. Femoral Femoral Slight increase It.; 
slight decrease rt. 
4 54 M Rt. Femoral Femoral Much increased Old coronary occlusion 
5 68 M Lt. Femoral Femoral Increased 
6 55 M Bilat. Rt. femoral; Rt. femoral; Much increased 
It. popliteal It. popliteal 
7 58 M Lt. Femoral Femoral Decreased Diabetic; other leg amputated 
Ss 70 F Bilat. Femoral Femoral Decreased 
9 37 M It. Pedal Pedal Increased Buerger's disease 
10 65 F Rt. Femoral Femoral Decreased 
ll 63 M Bilat. Femoral Femoral Lt. increased; 
rt. decreased 
12 64 F Rt. Femoral Femoral Rt. increased Diabetic 
13 68 M It. Femoral Peroneal Slight increase 
14 64 M Bilat. Rt. pedal; Rt. pedal; Slight decrease Probable concomitant neuritis 
It. popliteal It. popliteal 
15 «663 F Bilat. Femoral Femoral Decreased sa 
16 59 M Bilat. Rt. pedal; Rt. pedal; Slightly increased 
It. femoral It. femoral 
17 51 F Rt. Aortic Femoral Increased Multiple arterial emboli with muscle contrac- 
ture 
18 =s«6 M Rt. Femoral Pedal Decreased ct 
19 68 M Bilat. Femoral Femoral Decreased Died; probable coronary thrombosis 
20 73 F Bilat. Rt. pedal; Bilat. Decreased 
It. femoral femoral 
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The follow-up period ranged from several weeks 
to 36 months; the average for the reconstruction 
group was 24 months, and that for the sympa- 
thectomy group was 19 months. 

Analysis of Results—The record of a single 
contraction complex, or myogram, was examined, 
as well as the fatigue response or ergogram, made 
by continuing rhythmic stimulation for some min- 
utes. The contraction of ischemic muscle resembles 
quite precisely that of already fatigued normal 
muscle. The individual contraction is sluggish and 
low; the relaxation is slow and incomplete, and 
the tonus at rest is increased (contracture). The 
ergogram shows a progressively falling amplitude 
and a rising base line, resulting in a triangular 
pattern, until a plateau is reached and the ex- 
amination discontinued. Pain may be experienced 
near the beginning of the plateau. 

A quantitation of muscle power is derived by 
noting the weight lifted, the stimulation intensity 
required (in arbitrary units), and the total area, 
in cubic centimeters, of the ergometric curve 
obtained during three minutes of stimulation. We 
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have termed the last figure “energy units,” con- 
sidering that a more precise statement of power 
cannot be determined with our method. 

The patients were examined before and at 
various intervals after operation. The energy units 
obtained from the postoperative examinations were 
compared with the preoperative readings obtained 
with identical stimulation intensities and weights. 
The comparisons for each limb were charted as 
per cent increase or decrease of the preoperative 
value (Figs. 2 and 4). 

Nonischemic  Effects.—Several other 
than influence the ergometric 
curve. The first is volitional participation, or shift- 
ing movements of the limb. Either can be easily 
detected, since the curve becomes erratic. 

General bodily fatigue affects the muscle per- 
formance to a great degree, so as to account for 
decreases from one occasion to another up to 75% 
or more. Changes of this magnitude therefore 
may be disregarded unless there is a consistent 
trend. A similar, but severer, effect is produced 
by an operation or illness. It is possible that cer- 


factors 


ischemia may 


Fig. 1.—Ergometric tracings before and after graft for arteriosclerotic occlusion of aortic 
bifurcation (Case 8). The widely spaced portion of each curve was made by increasing the 


paper speed to show the nature of each contraction. 


Upstroke represents contraction. The 


figures in square centimeters represent the area of three minutes of stimulation (“energy 
values”). Note the lack of response one month after operation; it is due, presumably, to an 
ischemic neuritis. The patient was active and comfortable at this time. 
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tain illnesses may produce specific changes in 
shape of the contraction curves. 

Peripheral neuritis needs special attention. Dr. 
Edgar Gasteiger, of the Department of Physiology, 
Harvard Medical School, has demonstrated, by 
animal experiment, that curare blocks the action 
of the Batrow stimulator used in the reported 
study. In other words, the stimulation reaches the 
muscle via the nerve and requires a normal nerve 
and neuromuscular junction to produce a response. 
This would appear to bear directly on the dimin- 
ished sensitivity to the stimulation, or almost total 
lack of response, exhibited by patients with known 
peripheral neuritis. Characteristically these patients 
respond with small contractions, which are main- 
tained almost uniformly throughout the examina- 
tion. The neuritic ergogram therefore shows a 
parallel relationship between the base line and the 
line across the upper limits of the contraction 
peaks. The rectangular outline produced is in con- 
trast to the triangular one of normal or ischemic 
muscle. 

Supplementary Measurement of Calf Muscle 
Elasticity—The measurement of calf muscle 
stretch made by withholding stimulation and not- 
ing the extent to which increments of weight 
extend the foot was described in the previous 
report. A lessened elasticity can thus be demon- 


strated in frank muscle contracture, and frequently 
as well in limbs less severely ischemic for some 
time. In these latter limbs the reduction of elas- 
ticity was attributed to muscle damage and fibrosis 
At first the test was done on all the patients 
studied, but it was discontinued when it was ap- 
parent that use and exercise increase elasticity to 
an unpredictable degree. 


Results 

Reconstruction Group.—Tests done with- 
in the first weeks after operation invariably 
showed a decrease in power. In the case 
of femoropopliteal reconstruction this de- 
crease wore off in two to three weeks. In 
the aortic cases muscle performance re- 
turned to preoperative levels only after six 
weeks to four months (Fig. 1). During 
this time the ergometric curve was strongly 
suggestive of interference with nerve con- 
duction. After this initial postoperative 
period, there was a slow rise in the average 
of performance, which reached a peak of 
256% increase at 10 months (Fig. 2). This 


extremely rapid rises in performance, one 


Fig. 2.—Changes in calf-muscle energy values after reconstruction. 
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ne ‘ : iy 
10 tbs. Stim 5 Throughout, wy. 
Fig. 3.—Response after sympathectomy (Case 6). This patient, with bilateral iliac nar- 
rowing and complete obstruction of both superficial femoral arteries, obtained an unusually 


good result. 


level of improvement was maintained during 
the period of the study, although the curve 
must be considered as tentative beyond 18 
months, because of the scarcity of data. 
There were many, and rather wide, de- 
viations from the average. Some of the 
aortic cases showed steep rises of improve- 
ment with peak levels over 1200%, and even 
1300%. Limbs demonstrating any substan- 
tial rise in energy began to do so within the 
first few months. Five of the seventeen 
limbs showed a fairly constant decline in 
energy units below the preoperative levels. 
In three limbs (Cases 2, 3, and 5) the 
decrease presaged occlusion of the femoral 
artery. In Case 4 an early rise after aortic 
graft was followed by a late fall, concomi- 
tant with occlusion distal to the femoral 
pulses. Cases 6 and 10, of aortic endarter- 
ectomy, showed a decrease in performance 
of one leg in each instance, in spite of the 
maintenance of excellent pedal pulses. This 
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been 
plained, although there is evidence for a 
minor cord lesion in Case 6 and equivocal 
evidence for a small central nervous system 
lesion in Case 10. The lowest level of de- 
cline reached by any limb was —97%. 

Sympathectomy Group—An early post- 
operative fall in muscle power involved 
both legs, even after unilateral operation 
(Fig. 3). The decrease was, however, less 
marked than after a reconstructive operation 
and lasted only for the week or two of 
initial hospitalization. The average curve 
rose somewhat more slowly than that in the 
reconstruction group, but to the slightly 
higher level of 264% at the later time of 
13 months (Fig. 4). Again, because of the 
small number of cases in the later follow-up 
period, the plateau beyond the 18th month 
should be considered tentative. 

As in the first group, there was a wide 
range among patients. Some limbs exhibited 


paradox has not satisfactorily ex- 
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Fig. 4.—Changes in calf-muscle energy values after sympathectomy. 


reaching a peak of 1940%, an increase evident within the first few months. There 
somewhat greater than that reached by any was, however, a greater proportion exhibit- 
case of reconstruction. As in the previous ing a persistent fall—17 of the 31 limbs. 
group, the course a limb was to follow was The lowest level reached was —247%. 


Fig. 5.—Poor response after sympathectomy, in a patient with arteriographic evidence of 
diffuse disease in the femoral and tibial systems and a progressive pulse deterioration in’ the 
right leg (Case 3). The two operations were done on separate occasions. 
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TABLE 3.—Correlation of Pulse Level and 
Results After Sympathectomy 








Lowest Preoperative Pulse Level Improved Unimproved 
Aortic.__. l 
Femoral__.... 8 4 
Popliteal. 1 1 
Pedal_...... 4 2 
Total limbs_..__.. ree 14 7 





Most of the patients with postoperative 
improvement showed evidence of relative 
localization of their disease, by criteria such 
as arteriography and oscillometry, while 
those with a decrease in performance usu- 
ally presented other evidence of diffuseness 
of the disease process (Fig. 5). Table 3 
shows a correlation of the results and the 
lowest preoperative pulse level. Unfortu- 
nately, the number of cases for each pulse 
level is small. Case 17, with no pulse below 
the aortic level, did show improvement, 
after sympathectomy, but a femoral pulse 
returned. It is suggestive that the two cases 
of aortic reconstruction had failed to show 
subjective improvement after prior sympa- 
thectomy but did demonstrate great im- 
provement by ergometry after their 
reconstruction. The reappearance dis- 
appearance of pedal pulses postoperatively 
did not correlate with muscle performance. 

Correlation of Intermittent Claudication 
and Ergometry.—Neither preoperatively nor 
postoperatively was there a good corre- 


or 
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spondence between the test and the patient’s 
own estimate of his walking ability. The 
three patients whose femoral arteries had 
been operated on complained for some 
weeks of the limb being painful and power- 
less, while ergometry showed an excellent 
response. Of the six patients with aortic 
two also complained of 
continued disability long after their ergo- 
metric curves had shown great improvement. 
Contrariwise, the two patients showing a 
decline in power on one side were enthu- 


reconstruction, 


siastic over their improvements. 
10 
claimed 


In the sympathectomy groups, 
14 
moderate or great improvement. This group, 
however, included five 
formance had actually declined. When one 
compared the patient’s postoperative state- 
ment of distance walked before stopping 
with that recorded for him preoperatively, 
6 patients could be added to the 10 men- 
tioned, to make a total of 16 improved by 
some criterion of symptoms. 


pa- 


tients, representing limbs, 


limbs whose _per- 


Comment 


The results of ergometry carried out on 
subjected to 
operation are in agreement with the clinical 
experience that patients with acute arterial 
occlusion may spontaneously improve. It 


arteriosclerotic patients not 
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is granted, further, that one has no way of 
accurately predicting the progress for all 
untreated limbs. The patients operated on, 
however, included but few after acute occlu- 
sions. 
and 


Most were suffering from chronic 
progressive While, 
therefore, it is hard to say what each pa- 
tient’s course would have been without sur- 
gery, in the main, I believe, one may ascribe 
the results recorded to the operative pro- 
cedures, 


arteriosclerosis. 


It is of interest to inquire why the re- 
constructive operations did not perfectly 
restore muscle function, and, contrariwise, 
why sympathectomy did as well as it did. 

Five factors would appear responsible for 
imperfections in function after successful 
artery reconstruction. 

1. The effects of the operation itself. 
This includes the nonspecific effect of any 
severe operation on muscle strength, ische- 
mic nerve and muscle damage due to vessel 
clamping, and the production of emboli and 
thrombi. 

2. The slowness of dilatation of the nar- 
rowed arterial tree distal to the erstwhile 
occlusion. This is well documented by the 
days or weeks often required for distal 
pulses to become palpable, and for the oscil- 
lometric reading to increase or the digital 
blood flow to be augmented.2 A 
effect was 


similar 
after correction of 
coarctation of the aorta, by Wright and his 
associates,® the femoral 


observed, 


arterial 
showing an immediate postoperative rise, 


pressure 


but further progressive increase over the 
seven years of their study. 

3. Occlusion beyond the block operated 
on. Some of these are visible in preopera- 
tive arteriograms; others may be inferred 
from oscillometric deviations, examination 
of pulse form, or the injection of fine ar- 
teries in postamputation specimens. This is 
possibly the reason for the results obtained 
by Gaskell,* who measured blood flow and 
found it was not consistently increased 
after reconstruction, or conspicuously in- 
creased after aortic grafts. 


Edwards 








4. Residuals of prior damage to muscle 
and nerve. Pathologic examination of mus- 
cle, ischemic at an earlier time, often shows 
patchy fibrosis. 
tioned has also shown great reduction im 


The elasticity test men- 


the available excursion of an ischemic limb, 
due, presumably, in part to such a fibrosis 
and in part to the changes of disuse. Elas- 
ticity is slowly regained after operation and 
increased use, 

Degenerative changes in the distal ische- 
mic parts of the peripheral nerves are well 
known. We have been accumulating evi- 
dence on the frequency of ischemic lesions 
in higher portions of the nerve supply to 
the limbs, including the lumbosacral plexus 
and the central nervous system. This work 
has been pursued in the past with the help 
of Drs. Ruth Stauffer, Derek Denny-Brown, 
and Jonathan Cohen, and currently with 
Dr. Richard Tyler. 

5. Later postoperative progress of ar- 
teriosclerosis and arterial thrombosis. 

Much of the above applies to the situation 
after sympathectomy, as well as after recon- 
structive operation. 

This study is not decisive on the question 
of effect of sympathectomy on deep versus 
superficial, or distal versus proximal, ves- 
sels. Nevertheless, the trend toward a more 
normal myogram and ergogram, so often 
encountered, strongly suggests that in some 
cases at least, more blood perfuses the 
muscles after sympathectomy. This is con- 
sistent with the finding of an increase in 
blood flow in both the calf and the foot after 
sympathectomy, by Messent and Beacons- 
field.® The time required for peak effect is 
consistent with the slow increase of the 
oscillometric findings observed by Atlas ® 
after sympathectomy. He concluded a maxi- 
mum was reached in 6 to 12 months. 

Difficulties in reconciling statements of 
patients regarding severity of claudication 
and actual muscle performance revolve about 
the subjective nature of the complaint. For 
that no critical level of 
performance in any laboratory record of 
muscle contraction that can be called fatigue. 


matter, there is 
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The changes of fatigue, as seen in an ergo- 
gram, come on very quickly after the peak 
of performance, and slowly progress. It is 
anybody’s guess as to when the muscle is 
said to be fatigued. Even when the muscle 
fails to respond, an augmentation of the 
stimulus will result in contraction. The 
ischemic leg shows changes identical with 
the fatigue changes of the normal limb, 
although these characteristics may be pres- 
ent at the very start of the ergometric 
experience, with severer progression than 
is expected in the normal. 

Several explanations may be offered as 
regards patients who felt relieved postop- 
eratively but whose ergometric performance 
was not improved. They may be excessively 
suggestible. On the other hand, some of 
these patients gave evidence suggestive of 
neuritis, both by clinical and by ergometric 
examination. In these instances motor loss 
may account for decreased contraction, and 
sensory loss, for lack of claudication pain. 
As Slessor and Learmonth’? say: “A de- 
nervated muscle cannot claudicate.” Another 
possibility is that sympathectomy interrupts 
some sensory pathways from the limb. A 
final possibility is that the patient may learn 
to change his gait to spare his ischemic 
muscles. 


Conclusions 


Ergometry, using rhythmic electrical stim- 
ulation, was employed to test calf muscle 
power before and after operation to relieve 
peripheral ischemia. 

Eleven patients, with pulses restored by 
reconstruction operation in 17 limbs, were 
followed for an average of 24 postoperative 
months. The average of their postoperative 
determinations showed a peak increase of 
256% over preoperative levels, occurring at 
10 months. Of the 17 limbs, 5 showed a 
consistent fall in muscle power. This could 
be correlated with diffuse disease and im- 
minent arterial closure in some and with a 
probable high ischemic neuritis in others. 

Twenty patients underwent lumbar sym- 
pathectomy for thirty-one limbs. They were 
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followed for an average of 19 months post- 
operatively. Their average curve showed a 
peak of 264% increase at 13 months. Of 
the 31 limbs, 17 showed a diminution in 
muscle power. In some this was evidently 
due to progressive arterial occlusion; in 
others the reason was uncertain, but ischemic 
neuritis was a possibility. The results in this 
group could not be correlated with pre- 
operative pulse levels or with postoperative 
changes in pedal pulses. 

In both groups the measured performance 
correlated poorly with the patient’s own 
estimate of his walking ability. 


330 Dartmouth St. (16). 
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Vascular Practitioner 163: 


DISCUSSION 


Dr. NORMAN FREEMAN, San Francisco: I am 
certainly interested in Dr. Edwards’ presentation. 
I think this is a very ingenious device. Actually, 
Landis, I believe, used a muscle stimulator of this 
nature, and Dr. Montgomery and I used this 
method some years ago in evaluating patients for 
sympathectomy and the effect of lumbar block. 

In regard to the neuritis question, I agree with 
him that there are patients who, after prolonged 
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circulatory occlusion of the aorta or of the femoral 
artery, as during thromboendarterectomy, 
have definite muscle changes. These 
not only by the changes in the nerves but by the 
infarction in the muscles. I am not surprised that 
in certain patients one finds a decrease in the 
amount of work possible. 

I wish to ask one question in relation to sympa- 
thectomy. We have found that there are cases in 
which we have gradual improvement over a period 
of six to eight months. These are usually the 
patients who have evidence of a marked increase 
in the vasomotor tone. In the patients who have 
a dry foot without evidence of increased vaso- 
motor tone, the chances for improvement to claudi- 
cation after sympathectomy in our hands has been 
remote. As to those patients who have cold, 
clammy extremities, we can safely promise that 
after a time, usually six to eight months, they 
will have definite improvement. 

Dr. Howarp R. MAHoRNER, New Orleans: This 
presentation is very interesting, for it shows mano- 
metrically that sympathectomy still has a_ place, 
though a reduced one, in the treatment of periph- 
eral 


will 
are shown 


vascular disease. Obviously, today, in all 
cases in which there is segmental obstruction in 
large, or reasonably large, vessels, excision and 
grafting are the proper treatment. But perhaps 
50% of the patients with severe peripheral ischemia 
at the foot level still have good femoral pulses 
and arteriograms or aortograms showing no ob- 
struction in the large stem vessels. The pathology 
is a diffusely compromised lumen in smaller ves- 
sels. Such data prove graphically that in some of 
these patients sympathectomy still offers a chance 
for improvement. 

Dr. Harris B. SHUMACKER JR., Indianapolis, 
Chairman: Any further discussion? 
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I wonder, Dr. Edwards, whether you would say 
a word about the comparison of clinical relief 
of claudication in the two groups of patients, since 
your ergometric averages in the two groups were 
so similar. 

Dr. Epwarp A. Epwarps: I would like to thank 
Dr. Freeman and Dr. Mahorner for their discus- 
Indeed, the work of Landis, Naide, and the 
other Philadelphians really instigated this work 
of mine. 


sion. 


So far as the clinical relief is concerned, Dr 
Shumacker, all the patients who had undergone 
reconstruction felt relieved, certainly within a few 
weeks after operation, with the exception of the 
three patients with the 
who went on to thrombosis a 


femoral reconstruction 
little later. This 
included two patients who had an actual fall in 
effect on one side. There were, however, a couple 
of patients with aortic reconstruction who con- 
tinued to complain not of claudication but of a 
good deal of shooting, lancinating pain, rather 
hard to localize, which we felt, and still feel, was 
due to neuritis at the lumbosacral level. 

So far as the sympathectomy group is concerned, 
there were only about 10 patients who said that 
they were improved, and this group did not coin- 


cide with the group that were improved ergo- 
metrically. 
In addition, there were another six patients 


questioning of whom brought out that they could 
walk a good distance farther than they could pre- 
operatively. If we add those who said they were 
relieved and those who expressed relief in being 
able to walk for greater distances, we come to a 
figure of something like three-fourths of the pa- 
tients with symptomatic relief after sympathec- 
tomy, as contrasted with less than one-half relieved 
by ergometric examination 
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The Recalcification Time of Blood 


Its Use as a Measure of the Clinical Effect of Heparin 


JOHN 5S. BELKO, M.S., and RICHARD WARREN, M.D., West Roxbury, Mass. 


The coagulation time of blood as observed 
in a glass test tube is subject to variables 
which have to do with the degree of its 
exposure to thromboplastic influences (tis- 
sue juices in the needle, contaminants due 
to unclean glassware, or platelet thrombo- 
plastin from fragmented platelets due to 
agitation of the blood). 
can be largely eliminated by standardization 
of the test in the hands of one person who 
has sufficient time to perform it properly. 


These influences 


Even then, however, different laboratories, 
owing to minor variations in technique, 
have reported different normal ranges of 
coagulation time, and the same laboratory 
may undergo changes in normal ranges from 
year to year. In most routine hospital labo- 
ratories, furthermore, the devotion to the 
procedure of one especially trained worker 
takes valuable time from some other essen- 
tial test. The temptation to perform the 
coagulation times hastily, and thus inac- 
curately, therefore remains great. 

A search seemed justified for a method 
which would not have to be started im- 
mediately on drawing the blood, which 
would occupy less time, and which would 
allow more than one test to be performed 
simultaneously. Experience with the recal- 
cification time was gained in recent work,? 
in which the comparative anticoagulant ef- 
fects of bishydroxycoumarin U.S.‘P. (Di- 
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cumarol) and heparin were studied. The 
present report is of an exploration of its 
possible value in clinical use to monitor 
heparin dosage. 


Historical Review 


the purification of heparin by 
Charles and Scott ** and the definition of its 
use by Best,* the accepted method of the 
control of heparin dosage has been the 
coagulation time of whole blood. The pres- 
ent work is the only attempt to use the 


Since 


recalcification time for this purpose that we 
have been able to discover. 

Arthus and Pagés® showed that oxalate 
and citrate acted as anticoagulants by bind- 
ing calcium and that the addition of calcium 
reversed the effect. The reaction was not 
used by them, however, as a clinical test of 
coagulability. Howell® used the recalcifica- 
tion of oxalated plasma as a test of blood 
coagulation, first thinking that it measured 
prothrombin but later? demonstrating that 
the test was not specific for this substance. 
Gram § found that the plasma recalcification 
time was prolonged in thrombocytopenia, 
and Smith ® observed the same in jaundice. 
Quick and Owen," recognizing that, like 
the whole-blood clotting time, it measures 
all coagulation factors, recommended it as 
a “screening” test, in preference to the clot- 
ting time because of its convenience. The 
objective of this type of screening was 
chiefly the detection of circulating anticoag- 
ulant. 

The test has gone under several names: 
“plasma clotting time,” 7? “clotting time of 
recalcified “calcium clotting 
time,” 4 and “plasma clotting index.” ™ 


plasma,” 
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Reproducibility 


Because of the difficulty of its reproduci- 
bility, criticism of the plasma recalcification 
test has been voiced by most persons using it. 
Biggs and Macfarlane ™ state, for instance, 
that the normal range is 90 to 250 seconds. 
Reasons given for lack of reproducibility 
are (1) variations in speed of centrifuga- 
tion, which eliminate 
amounts, and (2) the 


platelets in varying 
manipulation of the 


plasma from one test tube to another, with 
resulting varying degrees of exposure to 
glass and platelet breakdown. Despite these 
criticisms, however, we found in our prev- 


ious study ' that we were able to establish a 
normal range for oxalated plasma of 120 to 
160 with a 
mean of 133 seconds (2.2 minutes), having 
(0.25 


seconds (2 to 2.6 minutes), 


a standard deviation of 15 seconds 
minutes ) . 


Procedures 


Source of Blood—Hematologically normal sub- 
jects were the source of the blood. In 
heparin effect the patients were given heparin 
(heparin sodium 1000 U. S. P. units, or 10 mg. per 
milliliter) intravenously, and _ the 
drawn at stated intervals after injection. 

Whole-Blood Clotting Time—A modification of 
the Lee-White method * was used. After atraumatic 
venipuncture, with the tourniquet still in place, 
blood was drawn into a glass syringe. One milliliter 
of this heparinized blood was then measured into 
each of three chemically clean glass tubes (1075 
mm.), containing a small, chemically clean glass 
bead. The first tube was tilted every 30 seconds 
until clotted, at which time tilting of the second 
tube was begun, and after that the third tube. The 
end-point was the complete clotting of the third 
tube. The normal range of coagulation times by 
this method in our laboratory during the time this 
work was done was 9 to 17 minutes. 


testing 


bloods were 


Recalcification Time.—Despite our satisfaction 
with the previous test, we felt obligated to make 
three modifications of the test as we turned, in the 
present work, to adapt it to clinical use. 

1. Blood was citrated rather than oxalated. This 
was done because of the evidence brought forward 
by Nilsson ™ 
agent for 
agulant. 


that oxalate can act as an adsorbing 


prothrombin and circulating antico- 

2. The test was performed on whole blood. This 
avoided one handling from test tube to test tube, 
as well as the mentioned hazards of centrifugation 


with respect to platelet loss. 
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3. The test was performed at room temperature. 
This was done in the interests of simplicity, in 
case, when the test might be used in an emergency, 
a water bath was not available. 

To 15 ml. centrifuge tubes containing 0.5 ml. of 
3.8% sodium citrate was added 4.5 ml. of whole 
blood. Each tube was then stoppered and com- 
plete mixing ensured by gentle inversion. The 
blood and all reagents were kept at room tempera- 
ture. Between 15 and 120 minutes later 0.1 ml. of 
0.02 M CaCle was blown in and the stop watch 
started. The clotting time was determined by tilting 
the tube very slightly every 30 seconds. A solid 
clot was considered the end-point. 

In the tests to determine the effect of standing, 
the blood was allowed to stand at room temperature 
for four hours. At the end of this time it was 
inverted in a manner similar to the above and a 
recalcification time performed. In the tests to 
determine the effect of agitation, the blood which 
had shaken for one 
minute with a frequency and force short of causing 


stood for four hours was 
foaming, and the test was similarly performed 
In both these tests a departure from the previously 
mentioned routine was undertaken in that the re- 
calcification time tests were performed at 37 C. The 
reason for this variant is that these determinations 
were done had decided to use room 
The conclusions from the water-bath 
material, however, seem valid from the point of 
view of their implications. 

Estimate of Blood Heparin.—A modification of 
the method of Bassiouni™ was used.” This gave 


before we 
temperature. 


a normal mean value for circulating heparin or 
heparin-like substances in the blood of subjects 
who had received no heparin of 0.47 mg. per 100 
cc., with a coefficient of variation of 23.4%. The 
test is accurate for recovery of heparin added in 
vitro, showing a mean recovery of 89.3%, a figure 
with a coefficient of variation of 14%. But under 
in vivo conditions occasional failure of the heparin 
levels to rise after heparin administration and the 
observation of occasional elevated levels when no 
heparin had been left the clinical 
practicality of the test as yet unclarified, partic- 
ularly since the coagulation recalcification 
times agreed with the heparin dosage in both these 
situations. 


given have 


and 


In Vitro Heparinization—The amount of heparin 
to be mixed with the blood was placed in the 
syringe and the blood drawn directly into this 
syringe at the time of venipuncture. 

Appraisal of the recalcification time test was 
made by comparing its reproducibility with that 
of the coagulation time on blood without heparin, 
blood of patients given heparin, blood to which 
heparin was added in vitro, and blood of non- 
heparinized and heparinized subjects grouped ac- 
cording to heparin levels as determined by the 
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Bassiouni method. With the exception of the blood drawn from patients three hours after 50 
heparin assays,* these determinations were all mg. of heparin sodium had been given intra- 
done by one of us (J. S. B.). Further evaluation of — muscularly. The results were analyzed statistically 
the two tests was made by technicians from the for standard deviation and coefficient of variation. 
routine hospital laboratory, performing them on A regression line for correlation of the recalcifica- 


* Performed by Alice Wysocki, B.S. tion and coagulation times was constructed. 


Results 
The results are conveniently grouped in 13 categories. 


1. Blood without heparin 
No. of observations Coagulation Time Recalcification Time 
83 83 
Mean 13.23. min. 3.54 min. 
Standard deviation 
(Coefficient of variation) 1.6 (12.1%) 0.73 (20.6%) 


2. Blood heparinized in vivo—drawn 15 min. after 20 mg. I. V. 
Coagulation Time Recalcification Time 
No. of observations 5 5 
Mean 24.1 min. 8.9 min. 


3. Blood heparinized in vivo—drawn 15 min. after 40 mg. I. V. 
Coagulation Time Recalcification Time 
No. of observations 16 16 
Mean 39.3 min. 13.6 min. 


Standard deviation 
(Coefficient of variation) 3.9 (10%) 3.1 (22.8%) 


4. Blood heparinized in vivo—drawn 15 min. after 50 mg. I. V. 
Coagulation Time Recalcification Time 
No. of observations 15 15 
Mean 37.4 min. 13.2 min. 
Standard deviation 
(Coefficient of variation) 5.9 (15.8%) 2.6 (20.1%) 


5. Blood heparinized in vivo—drawn 15 min. afier 75 mg. I. V. 
Coagulation Time Recalcification Time 
2 2 


< 


No. of observations 2 
Mean 43.2 min. 15.7 min. 


6. Blood heparinized in vivo—drawn 15 min. after 100 mg. I. V. 
Coagulation Time Recalcification Time 
No. of observations 2 2 
Mean 67.5. min. 22.7 min. 


7. Blood heparinized in vitro—4yg/ce. 
Coagulation Time Recalcification Time 
No. of observations 8 8 
Mean 21.1 min. 8.19 min. 
Standard deviation 
(Coefficient of variation) 2.3 (11%) 1.03 (14%) 


8. Blood heparinized in vitro—4.5ug/ce. 


Coagulation Time Recalcification Time 


No. of observations 6 6 
Mean 26.8 min. OR ata 


Standard deviation 
(Coefficient of variation) 18 (7%) 13 (14%) 
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9. Blood heparinized in vitro—5.0pg/ce. 
Coagulation Time Recalcification Time 
No. of observations 4 + 
Mean 36.8 min. 15.8 min. 


10. Results on Same Bloods from routine hospital laboratory.—three hours 
after 50 mg. heparin Sodium I. M. 
Coagulation Time Recalcification Time 
No. of observations 27 27 
Mean 23 min. 7.6 min. 
Standard deviation 
(Coefficient of variation) 8.1 (35%) 1.7 (22%) 


Chart 1 shows some of the coefficients of variation presented thus far and 
Chart 2 the regression line expressing the correlation of the recalcification times 
and the coagulation times. 


GB ORECALCIFICATION Time 


[TJ] COAGULATION Time 


Chart  1.—Coefficients 
of variation for recalcifi- 
cation times and coagula- 
tion times of blood 
treated with varying 
amounts of heparin. 
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11. Correlation of clotting time, recalcification time, and chemical estimate of 
plasma heparin level 

In 27 instances these three determinations were available before and after 
heparin administration. The following results were observed. 

Mean Coagulation Mean Recalcification Mean Chemical 
No Time, Min. Time, Min. Test, Mg/100 Ce. 

Untreated 27 12.5 4.1 0.48 
After heparin 

20 mg. 7 24.1 8.9 0.58 

40 mg 39.3 13.6 0.81 

50 mg. 46.0 17.2 0.70 

75 mg. 56.5 20.0 1.02 

100 mg 80.5 27.0 1.12 


12. Effect of standing 
Chart 3 shows that the effect of allowing the blood to stand at room tempera- 
ture for four hours before testing was a fall of up to 20% of the normal values. 


13. Effect of agitation 
Chart 4 shows that shaking for one minute did not alter the results of the 
test In any way. 
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Chart 3—Effect of standing for four hours on Chart 4—Effect of standing for one minute on 
recalcification times of citrated blood from hepa- recalcification time of citrated blood from hepa- 
rinized and nonheparinized persons. rinized and nonheparinized persons. 
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Analysis of Results + 


Values determined by one person (J. S. B.) 
for coagulation and 
were available as follows: on samples from 


recalcification times 
25 “normal” persons, on 18 samples without 
heparin and after addition of small amounts 
of heparin in vitro, and on samples from 
40 persons taken both before and after the 
intravenous administration of heparin so- 
dium in doses varying from 20 to 100 mg. 
For 27 of these 40 samples, chemical esti- 
mates of blood heparin content were also 
available. 

Analyses were performed on the response 
of an individual person to intravenous 
heparin or the response in a sample of 
blood to the addition of heparin in vitro, by 
examining the 
“postheparin level minus preheparin level 
As a whole this analysis did not have the 
expected advantages over an analysis that 
ignored the pairing. (The tests on each 
sample, regardless of pairing, will therefore 
be presented first.) 

1. Relationship Between Coagulation and 
Recalcification Times.—There was a strong 
and highly significant (P<0.001) linear 
relationship between the values for the two 
tests on the total of 141 samples. The data 
presented in Chart 2 are for 116 samples; 
the values for the 25 without 
heparin were omitted. This relationship re- 
flects the fact that, on the average, the times 
on the two tests rose together with increas- 
ing doses of heparin. However, there was 
no correlation among the times for “nor- 
mals’ or 


difference in each case: 


“normals” 


within heparin dose groups. 


These findings may be illustrated by some 


correlation coefficients. 


Description No. 
Untreated 83 
After heparin in vitro 18 
After heparin in vivo 40 
After heparin in vivo 
within heparin dose groups 40 
+ The results set down under Categories 1, 2, 3, 
4, 5, 6, 7, 8, 9, and 11 were analyzed statistically 
by Dr. Mindel C. Sheps, M.D., M.P.H., Research 
Associate in Biostatistics, Harvard School of 
Public Health. 


Belko—Warren 


of Samples r 


The linear relationship between the times 
may be described by a regression equation. 
The line on Chart 2 depicts the equation for 
predicting recalcification times from coagu- 
lation times. To reverse the procedure, i. e., 
given a recalcification time, the approximate 
formula would be as follows: 
tion time) =4.07+2.42 Y 
time). 


X (coagula- 
(recalcification 
The standard error of such an esti- 
mate from a single value would be 5 to 6.5 
minutes, depending on the level of Y. The 
size of the standard error reflects the scatter 
around the line in Chart 2. 

2. Relationship of Coagulation and Re- 
calcification Times with Heparin Adminis- 
tration and Chemical Heparin Estimates — 
(a) The values for both tests increased 
considerably and significantly after the ad- 
ministration of heparin in vitro. The in- 
crease in coagulation time with increasing 
doses was a little more regular than for 
recalcification, but the difference was not 
significant. 

(b) Both tests showed considerable in- 
creases with the administration of intra- 
venous heparin. The increased times were 
highly and significantly (P<0.001) corre- 
lated with the dose in both cases. For the 
80 observations, the correlation coefficients 
with heparin dose were 0.90 for recalcifica- 
tion time and 0.96 for coagulation time. 
The difference between the two is not sta- 
tistically significant. 

(c) In the 27 instances in which chemical 
values were also available, the results ob- 
served (Category 11) did not reflect the 
dosage of heparin better than the clotting 
times, nor did either of the two tests corre- 
late as well with the chemical value as with 
Coefficient) P 
>0.20 
<0.001 
<0.001 


(Correlation 
0.10 
0.86 
0.91 
0.23 >0.20 


This 
was true both for “untreated” samples and 


heparin dosage or with each other. 


for bloods after heparinization. All correla- 
tions were highly significant (P<0.001), 
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and the differences between them were not 
significant, but the trends were consistent. 
The coefficient for chemical values with 
coagulation time was 0.75 and with recal- 
cification 0.71. 

(d) In the case of 54 sarples, the re- 
sponse to heparin dose, and the residual 
variation could be compared. The findings 
naturally differ a little from those based 
on the same observations plus 26 additional 
ones, presented in 2(b) above. 


Coagulation 


Time 
Correlation with heparin 


dose 0.96 


Residual within dose standard 
deviation of postheparin 
values 

Coefficient of variation of 
postheparin values within 
dose 


10% 

3. Analysis of Differences per Subject.— 
The analyses of differences gave almost the 
same results as those just described. Within 
any one case, and for any one test, the 
association between before and after values 
was variable. The presence of an associa- 
tion could not be tested adequately because 
of the small size of most dose groups. 

The within 
groups, for coagulation and recalcification 
times correlated in both in vitro 
(r=0.55; P<0.05) and in vivo (r=0.54, 
P<0.01) cases 


differences heparin dose 


were 


Comment 
The results may be finally examined in 


two groups. In the first, comprising all 
result groups except Category 10, the tests 
were performed by one of us in the experi- 
Under these circum- 


stances, the coefficients of variation of the 


mental laboratory. 
recalcification times, when placed in groups 
according to heparin dosage in vivo and ac- 
cording to the amount of heparin added in 
vitro, were somewhat greater than the clot- 
ting times of whole blood arranged in the 
same groups. 
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In the second group, comprising the re- 
sults in Category 10, both recalcification 
times and coagulation times were performed 
on the same bloods from clinical patients 
by laboratory technicians in the routine hos- 
pital laboratory. These workers were fol- 
lowing directions and had no particular 
with the 
Under these circumstances the coefficient of 


interest in or experience test. 


variation was 22% for the recalcification 
time and 35% for the coagulation time, the 


Recalcification 
Time 


Chemical Heparin 
Assay 


0.78 0.87 


2.70 


14% 11% 

bloods being arranged according to a given 
time after a standard dose of heparin given 
intramuscularly. 

It is thus demonstrated that, if determined 
carefully by one person, the coagulation 
time can be made to assume a greater de- 
gree of accuracy than the recalcification 
time. All the statistical analyses show them 
to correlate so well with each other, how- 
ever, that the advantages to be gained in 
the convenience of the recalcification time 
make it at least as valuable in clinical use. 
There is less possibility of individual varia- 
tions of technique from one worker to 
another. If ene adds to this the advantage 
from the point of view of time saving, the 
method can be recommended. 

The determinations performed on blood 
after standing for four hours showed up 
to 20% fall in recalcification time values 
during this period. It is suggested, there- 
fore, that the test be done within two hours 
after the blood is drawn. 


As a very approximate guide, it might 
be stated that recalcification times under five 
minutes mean no heparin effect; those be- 
tween 5.0 and 7 minutes mean detectable 
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but minimal heparin effect; those between 
7.1 and 11 minutes mean adequate heparin 
effect; those longer than 11 minutes, if 
sustained, imply the desirability of decreas- 
ing heparin dosage, and anything over 20 
minutes suggests a coagulation time of more 
than an hour and might call for the adminis- 
tration of protamine. Overlap between the 
groups is frequently noticed, however. It 
is important not to consider the test to have 
a greater inherent reproductibility than the 
coagulation time. 

It is important that each laboratory per- 
forming the test use it as a trial before 
launching a full-scale program. It is no 
less subject to alterations from variations 
in test-tube size, presence of tissue juices, 
and contamination than is the clotting time. 
Although variations due to individual han- 
dling are less than for the coagulation time, 
normals should be tested at frequent inter- 
vals. 

Summary 

An assay of the value of the recalcifica- 
tion time of whole blood was made by com- 
paring it with the coagulation time on 
normal bloods, on heparinized blood, and 
on blood heparinized in vitro. 

The test was less precise under these 
various conditions than the coagulation time 
when both were done with the utmost care 
by one worker. The correlation coefficient 
with heparin dose was, however, 0.90 for 
the recalcification time and 0.96 for the 
coagulation time (P<0.001). The difference 
between the two is not statistically signifi- 
cant. 

Correlation of the recalcification time and 
the coagulation time with measured heparin 
levels in the plasma, due to unpredictable 
vagaries of the method for heparin assay, 
was than 
heparin dosage. Such 
found, however, was about equal for the 
two methods. 


poorer was correlation with 


correlation as was 


When done under routine hospital labora- 
tory conditions more consistent results were 
obtained with the recalcification time than 
with the coagulation time when the tests 
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were done on the same samples of blood 
drawn from different patients at comparable 
intervals after comparable heparin dosages. 

The recalcification time is a useful and 
time-saving method for the appraisal of 
heparin effect. It is recommended for rou- 
tine use for this purpose. 

Veterans’ 
selko). 


Administration Hospital (32) (Dr 
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Arterial Embolism Occurring During Systemic 


Heparin Therapy 


RODGER E. WEISMANN, M.D., and RICHARD W. TOBIN, M.D., Hanover, N. H. 


Heparin is a widely used and valuable 
agent in the management of many throm- 
botic disorders involving both the arterial 
and the venous system. Although it is the 
oldest of the modern anticoagulant drugs, 
its mode of action and specific effect on 
the clotting mechanism in vivo have not yet 
been clearly defined? It is, 
potent and effective agent and possesses 
certain distinct advantages over the cou- 
marin drugs when used in combination with 
surgical treatment. Its rapid action and 
prompt neutralization by protamine are de- 
sirable qualities in many circumstances. 


however, a 


Except for the rare instances of allergic 
reactions, complications or adverse effects 
reported from the use of heparin have been 
due to hemorrhage. Recently we have been 
using heparin more frequently as the anti- 
coagulant of choice in the treatment of 
acute thromboembolic disorders or in con- 
junction with direct surgery on the arteries 
There has been a coincident 
alarming increase in the occurrence of 
peripheral embolism during the 
course of active heparin therapy. This ob- 
servation has prompted us to review these 
cases in an attempt to determine the role 
of heparin in this complication. 


and veins. 


arterial 


In our own previous experience and in 
most reported series of peripheral arterial 
emboli, the heart has been considered the 
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probable source in about 90% of the cases.** 
The proximal arterial system, i. e., aorta or 
major vessels, has been considered a rela- 
tively infrequent source of 
embolic occurrences. 


recognizable 
However, it is com- 
mon to observe friable fibrin-and-platelet 
thrombi adherent to the wall of an athero- 
sclerotic aorta at autopsy. The significance 
of this finding has apparently never been 
thoroughly studied. We do know that 
thrombi made up mostly of platelets and 
fibrin are the variety usually seen in the 
presence of a high velocity of blood flow. 
These thrombi differ strikingly from those 
seen where eddying or low-velocity flow 
is present.° The latter tend to contain all 
cellular elements of the blood in approxi- 
mately normal proportions. 

A search of the literature has been made 
for an explanation of the apparent dramatic 
increase in peripheral embolism 
We can find no direct 
reference to this phenomenon. We suspect 
that others may have noted it. We have 
now observed 10 such cases in a period of 
approximately three years. The clinical 
picture, the gross appearance of the emboli, 
and the autopsy findings, when obtained, 
clearly suggest a direct relationship to 
heparin effect on preexisting, unsuspected 
mural aortic fibrin-platelet thrombi. The 
complication occurred during convalescence 


arterial 
due to heparin. 


from less serious thrombotic disorders, as 
well as after surgical treatment of arterial 
lesions in which heparin was being used as 
an important adjunct of postoperative man- 
agement. The emboli seriously affected the 
final result and proved fatal in six cases. 

In general, we obtained systemic heparin- 
ization by the administration of subcutane- 
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ous doses at eight-hour intervals. In the 
initial phase of treatment or in the early 
postoperative period the intramuscular route 
was used at six-hour intervals. We de- 
pended on the Lee-White clotting time 
(blood drawn one hour before an eight- 
hour dose is due) as the only index of 
adequacy of our therapeutic level. We are 
aware of the technical limitations of this 
laboratory test. To date, we have considered 
a Lee-White clotting time of 30-40 minutes 
indicative of optimal range of anticoagula- 
tion with heparin. This has required a total 
daily dose varying from 150 to 500 mg. 


We are reporting the following three 
cases in detail because they characterize the 
clinical picture, the sequence of events, and 
the pathologic characteristics of the embolic 
material recovered by embolectomy in the 
total group of 10 cases. 


Report of Cases 


Case 1.—This 60-year-old white man, a mer- 
chant, was admitted to the Hitchcock Hospital on 
May 20, 1956, with thrombophlebitis of the left 
lower extremity. The present illness had been 
preceded by a serum sickness reaction to peni- 
cillin one week earlier. 

He was a robust man who had enjoyed excellent 
previous health. Examination revealed mild 
hypertension (160 mm. Hg. systolic, 100 mm. Hg. 
diastolic), normal heart and lungs, and full ex- 
tremity pulses. The left calf and ankle were 
tensely swollen and tender. In addition, there was 
ecchymosis of the calf and effusion of the knee. 
Tenderness was present over the adductor canal 
and common femoral vein, and some edema and 
superficial venous distention were observed in the 
thigh. Laboratory findings were normal, except 
for x-ray evidence of left ventricular prominence, 
tortuosity of the thoracic aorta, and vascular cal- 
cification of the lower extremities. 

On repeated subcutaneous doses of heparin 
sodium U. S. P. (300-420 mg. daily), his course 
was favorable until June 5 (Lee-White clotting 
time, 65 minutes), when he developed sudden right 
common femoral artery occlusion. This 
treated by femoral embolectomy with success. His 
postoperative course was satisfactory, although 
signs of asymptomatic left popliteal occlusion be- 
came evident later. He was discharged on June 17, 
symptom free, after further heparin therapy. 
When last seen in follow-up, some six months 
following discharge, the patient was still asympto- 


was 


220 


A, M. A. ARCHIVES OF SURGERY 


matic and had regained his previously absent left 
pedal pulses. 

This mildly hypertensive man, who 
showed evidence of mild peripheral arterio- 
sclerosis, had never had fibrillation and had 
never exhibited electrocardiographic evi- 
dence of cardiac disease. It was felt that 
some influence of heparin therapy had dis- 
lodged preexisting aortic mural thrombi, 
causing multiple distal embolization. It was 
interesting that the embolus surgically ex- 
tracted was of a pale, flesh-colored gross 
appearance. Histologically, it was composed 
of fibrin and leukocytes, with few red blood 
cells. 

Case 2,—This 62-year-old white woman was 
admitted to the Hitchcock Hospital Feb. 8, 1955, 
with left retinal detachment, complicating long- 
standing myopia. 

She was an aging, normotensive woman with an 
apical systolic murmur and loud aortic second 
sound, but with otherwise normal heart and lungs, 
and full pedal pulses. Laboratory studies were 
normal, except for x-ray evidence of a tortuous, 
dilated ascending aorta. 

Left scleral buckling was carried out on Feb. 
10, and strict bed rest was required during the 
ensuing three weeks. On her beginning ambula- 
tion, on March 6, signs and symptoms of left 
iliofemoral thrombophlebitis were noted, for 
which systemic heparinization was begun. The 
patient received heparin sodium in divided sub- 
cutaneous doses, totaling 150-300 mg. per day. 
On March 16 (Lee-White clotting time, 23 min- 
utes), after 10 days of anticoagulation therapy, 
sudden signs of right common femoral arterial 
occlusion led to the diagnosis of common femoral 
arterial embolism. Successful femoral embolectomy 
was carried out. She was kept on adequate 
heparinization and made a satisfactory initial re- 
covery until March 19 (Lee-White clotting time, 
15 minutes), when signs of sudden occlusion of 
the distal aorta appeared. After intravenous ad- 
ministration of protamine sulfate U. S. P. (50 
mg.), prompt transperitoneal distal aortic and bi- 
lateral iliac embolectomies were performed (Fig. 
1). In the ensuing 24 hours, because unsatis- 
factory distal circulation persisted, the patient 
underwent left femoral exploration, with negative 
findings, and right popliteal exploration, revealing 
an embolus. She subsequently pursued a favorable 
course, surviving a prolonged ileus and never 
showing more serious ischemic changes than a 
small area of superficial gangrene of the right 
great toe and several small areas of skin infarc- 
tion of the right leg. Heparin was discontinued 
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ee 


the emboli 
from the aorta and iliac arteries in Case 2. 
the unusual length and cylindrical shape, suggest- 
ing origin in proximal aorta. 


removed 
Note 


Fig. 1—Photograph of 


12 days following the final surgical procedure. 
To rule out the possibility of paradoxical embolism, 
angiocardiography was done April 9, which showed 
normal heart without a shunt. The 
April 23, asymptomatic 
but for persistent mild edema of the right ankle. 
At follow-up six months later, the edema had 
disappeared, pedal pulses were palpable, and symp- 
toms of arterial insufficiency were absent. 


chambers 


patient was discharged 


This amazing series of emboli had pre- 
sumably arisen from a higher level in the 
aorta, perhaps the ascending portion, which 
was seen to be dilated and tortuous by x-ray. 
All embolic material recovered from three 
arterial foci presented the pale, gray ap- 
pearance previously described, and was his- 
tologically thrombus nearly devoid of red 
cells (Fig. 2). Heparin therapy had pre- 
sumably played a major etiologic role in the 
distal migration. 

Case 3.—A 46-year-old man entered the Hitch- 
cock Hospital Sept. 16, 1956, with symptoms of 
severe arterial insufficiency of the left leg, follow- 
ing a probable acute femoral arterial occlusion 
earlier. Thromboangiitis obliterans 


one month 


(Buerger’s disease) was suggested by the history 
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of long-standing, recurrent, migratory superficial 
thrombophlebitis, heavy smoking, and symptoms 
of mild arterial insufficiency for several months. 

He was robust and normotensive, but the left 
lower extremity showed absence of pulses below 
the femoral level, and the right lower extremity 
showed diminished pedal pulses. 
studies were normal, although x-ray demonstrated 
abdominal aortic calcification. 


Laboratory 


Following an extensive successful left super- 
ficial femoral thromboendarterectomy, on Sept. 18, 
prophylactic heparin therapy was started. Divided 
subcutaneous heparin sodium, ranging 
from 300 to 375 mg. per day, were given. The 
course was favorable until the eighth postoperative 
day, Sept. 26 (Lee-White clotting time, 27 min- 
utes), when sudden right common femoral arterial 
occlusion occurred, and immediate successful 
embolectomy was carried out. Despite an excellent 
immediate result and continued heparin therapy, 
symptoms of more distal occlusion of the right 
popliteal artery were noted approximately 48 hours 
later, On Sept. 29 a second embolus was surgically 
extracted from the right popliteal and posterior 
tibial vessels. Still on heparin therapy, the patient 
developed signs of aortic saddle embolism several 
hours following popliteal embolectomy, and prompt 
transperitoneal exploration yielded another embolus 
from the distal aorta and right iliac vessel. Fol- 
lowing this massive procedure, the patient was 
pulseless in the upper extremity and required con- 
stant intravenous drip of levarterenol (Levophed) 
to maintain blood pressure. 
in anticipation of 


doses of 


Heparin was stopped 
further insult, and cortisone 
therapy was instituted in doses of 50 mg. intra- 
muscularly every On discontinuing 
levarterenol 48 hours later, expecting death, we 


six hours. 
were surprised to note general improvement. Sub- 
sequent right midthigh amputation was required, 
but the patient survived. The femoral pulse was 
palpable bilaterally, but the radial pulses were 
absent, and the brachial pulse was faint to absent 
in both arms. On Oct. 25 a left lumbar sympathec- 
tomy was performed for residual superficial gan- 
grene of toes of the left foot. He was discharged 
Nov. 5, but was readmitted in January for trans- 
metatarsal amputation of the left foot. At 
time radial pulses remained absent. 


that 
Ambulation 
has subsequently been established with right-thigh 
prosthesis. 

While on heparin therapy following di- 
rect major arterial surgery, this man showed 
On 
discontinuation of heparin no further em- 


sudden, repeated arterial embolisms. 


bolic phenomena occurred, and he survived. 
Evidence of thromboangiitis obliterans was 
never confirmed by examination of tissues 
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submitted to the department of pathology, 
though increased atherosclerosis was present 
in the femoral arteries and aorta. Of inter- 
est was the consistent gross and histologic 
appearance of each embolus extracted, sim- 
ilar to that described in the preceding cases. 

Summary of Data of Series of 10 Cases 
(Table).—The 3 above-reported cases are 
representative of the series of 10 cases 
prompting this report. The common de- 
nominator in each of the 10 was one or 
more dramatic intra-arterial thromboembolic 
phenomena. 

All 10 cases exhibited clear-cut arterial 
embolisms, which were multiple in 9 cases 
and single in 1 case. Three of the ten were 
clinically suspected of having rapid propa- 
gation of aortic mural thrombi with aortic 
occlusion, in addition to distal embolization. 
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Fig. 2. —- Photomicro- 
graph of the embolus 
shown in Figure 1. 
There is considerable 


amorphous material, rep- 
resenting laminated fibrin 
and platelets, but cellular 
elements of blood are 
scanty. 


The source for the emboli was thought to 
be aortic mural platelet-fibrin thrombi in 
all instances. In 1 of the 10 cases acute 
myocardial infarction developed concomitant 
with multiple peripheral embolization. 

All cases showed some clinical evidence 
of predisposing cardiovascular disease. 
These included hypertensive cardiovascular 
disease, in five cases; arteriosclerotic heart 
disease, in three cases; tortuous and/or di- 
lated aorta, in six cases; vascular calcifica- 
tion, in six cases; allergic vasculitis, in 
three cases, and diabetes mellitus, in four 
cases. Two patients may have had the re- 
cently described disease” of 
Takayasu, or “aortic arch syndrome.” ® 

The ages of these patients ranged from 
46 to 86 years, with a mean of 64 years. 
The period of heparin therapy preceding 


“pulseless 
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Summary of Data in Ten Cases of 





Arterial Embolism 


Occurring During 








Case 

No. Indication for Heparin Da; Rx 

1 Thrombophlebitis; (?) allergic vasculitis 15 

10 

2 Thrombophlebitis; (?) arteritis 12 

12 

8 

3 Left femoral thromboendarterectomy ll 

il 

4 Left femoral thromboendarterectomy il 

13 

5 Thrombophlebitis 13 

13 

6 Pulmonary infarct (postabd. perineal il 

resection) 12 

14 

s 

7 Right femoral artery thrombosis 12 

15 

s Right femoral artery embolism 7 

9 

9 Left popliteal artery thrombosis u 

10 Acute femoral occlusion, bilateral; 10 

(?) allergic arteritis 13 


L. W. C. refers to Lee-White clotting time on the day embolism occurred. 


the first complication of interest ranged 
from 7 to 15 days, with a mean of 10 days. 
Data correlating excessive depression of 
the Lee-White clotting time, i. e., well be- 
yond 40 minutes, with occurrence of emboli- 
zation were suggestive but inconclusive. 
Six of the ten patients of the series died 
as the direct result of embolization. Two 
survived unilateral midthigh amputation, 
one of whom later required contralateral 
thigh amputation, and the other, transmeta- 
tarsal amputation. Two patients were dis- 
charged with all extremities intact. 
Autopsy was done on three of the six 
who died. It is interesting that the only 
two patients with auricular fibrillation of 
the series both came to autopsy, and that in 
both cases evidence of endocardial mural 
thrombi was absent, while antemortem aortic 
mural thrombi were found, together with 
multiple distal emboli. Antemortem aortic 
mural platelet thrombi were also recovered 
in the third case in which autopsy was done. 
Fresh emboli extracted at operation in 
these patients were strikingly similar, pale, 
soft, salmon-colored clots. Histologically, 
these emboli were comprised mostly of 
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Heparin Therapy 


L. W. C., 
Min. Complication 

65 Rt. femoral embolus; It. popliteal embolus 
2 Rt. femoral embolus; saddle embolus; rt. popliteal 
15 embolus 
15 
27 Rt. femora] embolus; rt. popliteal embolus; saddle 
13 embolus 
13 
58 Lt. femoral embolus; propagating aortic thrombus 
66 Acute myocardial infarct; It. popliteal embolus; 
66 cerebral embolus 
66 
31 Rt. popliteal embolus; It. common iliac embolus; 
16 saddle embolus 
15 
30 Lt. femoral embolus; lt. external iliac embolus; 
79 rt. common iliac embolus 
34 
37 Cerebral embolus; bilat. iliac embolism; renal 
53 emboli 
43 Propagating aortic thrombus; rt. renal embolus; 
ex inferior mesenteric embolus 
41 Rt. cerebral embolus; multiple emboli (sup. mes- 
16 enteric, rt. iliac, lt. common femoral) 





fibrin, platelets, and leukocytes; red cells 
were rare. These histologic and gross ap- 
pearances are consistent with platelet and 
fibrin precipitation over a prolonged period 
of time and in a location of rapid blood 
flow, such as the aorta. 


Comment 


In each of our cases, the sudden occur- 
rence of major arterial occlusion typical of 
arterial embolization, often without preex- 
isting signs of arterial disease, has been 
a serious problem. In nearly all instances 
there were multiple emboli, and _ heroic 
measures were undertaken to correct the 
acute arterial insufficiency. 

In at least three cases we suspect that 
embolization had occurred from the aorta 
prior to admission, and the management of 
the problem was directed at the peripheral 
manifestation because of absence of clinical 
or laboratory signs of the underlying prob- 
lem of aortic mural thrombi. 

An increasing awareness of this most 
obscure problem may help in establishing 
a diagnosis, or a suspicion of the existence, 
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of nonobstructing, friable, loosely adherent 
mural aortic thrombi. Angiocardiography 
or aortography via a brachial artery catheter 
may be a method of establishing a diagnosis. 
We have not had the opportunity to perform 
such studies when positive findings could be 
elicited. 

In each instance there was a feeling of 
futility in the management of the problem, 
due to anticipation of further emboli from 
the same or similar sources. Heparin was 
badly needed to retard distal thrombosis; 
yet the agent was probably seriously alter- 
ing the integrity and attachment of the 
thrombotic source. 

We have now come to respect the danger 
inherent in the use of heparin in these 
susceptible persons, and feel that if heparin 
is to be used it must be in doses less than 
were previously felt desirable. We no 
longer feel it wise or necessary to establish 
clotting times more than twice or three 
times normal. 

An important side-issue, which has been 
raised by our study of this group of cases, 
is the clinical significance of the gross 
and microscopic appearance of the embolic 
material which is found at embolectomy. 
As a result of this experience, we feel that 
we can differentiate those emboli which 
arise from mural thrombi in the heart cham- 
bers from those which propagate on the 
intima of the aorta. This information is im- 
portant to obtain in any specific case so 
that a more intelligent future management 
and prognosis of the vascular or cardiac 
situation can be planned. In our present 
state of knowledge, we feel that heparin 
should be promptly reduced in dosage, and, 
if possible, discontinued if the presence of 
fibrin-platelet thrombi adherent to the intima 
of the aorta is suspected. 

The question of the advantages of the 
coumarin drugs over heparin must be raised. 
Since we have used bishydroxycoumarin 
U. S. P. (Dicumarol) or ethyl biscoumace- 
tate (Tromexan) only infrequently in the 
of acute arterial 


management problems, 


either alone or in combination with surgery, 


224 


A. M. A. ARCHIVES OF SURGERY 


it is difficult to say that similar embolic 
occurrences would also have resulted under 
the same circumstances. Coumarin drugs 
have been used at our hospital for more 
than 10 years, and we have not observed 
this complication with their use. None of 
these 10 patients had received any coumarin 
drugs; hence no incrimination of these 
drugs can be inferred. It is our opinion 
also that this phenomenon suggests that the 
in vivo anticoagulant effect of the coumarin 
drugs is less profound and that heparin 
may also have a lytic effect on an existing 
thrombotic process. 

From a technical standpoint, heparin is 
preferable to coumarin drugs when surgery 
is employed, and it has been our experience 
that a more rapid clinical improvement 
occurs when thrombosis is treated with 
heparin. Exacerbations have been observed 
after transfer from heparin to bishydroxy- 
coumarin in states with acute venous and 
arterial thrombosis. Other authors have also 
stated their preference for heparin in acute 
thrombotic states. 

We still continue to use heparin in the 
prevention or management of thrombotic 
disorders of the vascular system. We do 
not feel it necessary to obtain clotting times 
more than two or three times normal. In 
lower doses the drug may have little or no 
lytic effect on preexisting aortic thrombi 
but will retard active thrombosis and pro- 
duce an adequate anticoagulation. 

When serious peripheral emboli occur in 
patients on heparin therapy, an aggressive 
attitude in the surgical management should 
be adopted, even though the prognosis for 
further embolization, with loss of one or 
both lower extremities, seems great. In 
general, these patients have been somewhat 
better surgical risks than the average patient 
suffering from peripheral emboli from a 
cardiac source. There appears to be more 
to gain than to lose from prompt embolec- 
tomy whenever the localization can be estab- 
lished. Embolectomy in the extremities can 
be done under local anesthesia without add- 
ing serious risk to an already precarious 
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situation. Distal thrombectomy should also 
be carried out when indicated unless irre- 
versible ischemic changes are present. Early 
ischemic myositis or early localized gan- 
grene of skin of the extremities does not 
contraindicate aggressive toilet of the major 
arteries of the lower extremities. In at 
least two of our cases the last embolic 
occurrence was to the bifurcation of the 
aorta, and we suspected that the entire 
thrombus dislodged and migrated distally, 
where surgical removal was possible. 


Summary 


Heparin is considered to be a valuable 
and effective anticoagulant agent. During 
recent years, concomitant with a more ag- 
gressive medical and surgical management 
of the various vascular disorders, we have 
observed and treated an increasing number 
of patients who have suffered major arterial 
embolism while an active systemic 
heparin therapy program. The increased 
frequency of this complication has prompted 
us to review this group of patients and to 
study this phenomenon. 


on 


Ten cases are presented in which one or 
more arterial emboli occurred during the 
use of systemic heparin in_ therapeutic 
dosages. All of these patients were treated 
with embolectomy. In some instances this 
complication nullified an early, apparently 
satisfactory result of the initial medical or 
surgical treatment. 

Clinical and autopsy studies in this group 
strongly suggest that all patients had occult 
friable aortic thrombi, in various states of 
unstable organization, which were not sus- 
pected or recognized prior to the sudden 
dramatic peripheral occlusion. The emboli- 
zations observed in 
from the aortic wall and were precipitated 
by some unknown local effect of systemic 


these 10 cases were 


heparinization. The gross and microscopic 


characteristics of the emboli collected at 
operation were common to all cases in this 
group. 

Arterial embolism must be considered a 


possible complication of vigorous heparin 
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therapy in those persons with preexisting 
aortic thrombi. 


2 Maynard St. 
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DISCUSSION 


Dr. Epwarp A. Epwarps, Boston: Of course, 
it’s a very serious thing to raise the question of 
the formation of more disease by a widely used 
therapeutic agent, and I think the matter should 
receive more than cursory examination. I am dis- 
turbed a bit by the fact that much of the theory 
that these emboli came from the aorta centers 
about the pathology of the recovered emboli. 

In the first place, I wonder whether it is of 
necessity true that an embolus that does not show 
many red cells does not come from the heart. It 
is my impression that the thrombi located in the 
heart over a long period of time may become quite 
white and acellular. Secondly, it is noteworthy 
that the emboli recovered did not show masses of 
atheromatous tissue. I should have expected to 
find considerable atheromatous material in the 
emboli if they had indeed arisen in the aorta. 

Dr. GezaA pe TAKATsS, Chicago: This is a most 
spectacular and alarming report because many of 
us have relied on heparin, as you all know, for 
the treatment of arterial embolism. Now there 
seems to be one common denominator in all these 
cases, and I'd like to have Dr. Weismann and Dr. 
Tobin talk about it, that is the subcutaneous or 
intramuscular use of heparin. 

In our experience we have always believed in 
using massive intravenous doses of heparin to 
start with, followed later for three or four weeks 
We have not hesitated 
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to give 600 or 800 mg. of heparin sodium, half of 
which, of course, is unquestionably excreted. 

I wonder, therefore, whether some of this mis- 
hap is not due to the fact that initially the heparin 
was given subcutaneously or intramuscularly, a 
method which, of course, gives the body time 
enough to develop antiheparin substances. We 
know that there is heparinase within the system— 
one that Dr. Jacques, of Saskatchewan, and Dr. 
Best, in Toronto, have written about. We do not 
hear very much about it, but there is no question 
that there is a mechanism which antagonizes 
heparin. It occurs to me offhand that heparin has 
a platelet-agglutinating property, and that it is 
particularly effective when heparin is slowly 
absorbed into the system; I believe that the origin 
of these clots, whether they come from the heart 
or from the aorta, is during the first few days 
of heparin therapy, when the patient really should 
be flooded with heparin in large intravenous doses. 

I can’t explain why it is, but we have never in 
all our experience given heparin initially into 
muscle. We have never seen thrombosis during 
heparin therapy except in cases in which we have 
discontinued heparin too soon or in which we have 
discontinued heparin rapidly, without tapering it 
off. 

Dr. Martin FiscHer, New York: Like Dr. de 
Takats, I’m quite disturbed about this report be- 
cause I am in favor of anticoagulants. In a recent 
series of 129 cases of thrombophlebitis, which in- 
cluded the same six type cases that he mentioned, 
we have not seen one thromboembolic phenome- 
non. 

We know that, despite all the anticoagulants 
that are available today, and we're trying to im- 
prove on anticoagulants yet, we still have thrombo- 
embolism. These 10 cases that Dr. Weismann re- 
ports represent that small fringe, not the majority, 
of cases, and I think it should be noted here that 
there always will be a fringe in which thrombo- 
embolization will occur despite improved anti- 
coagulants. Anticoagulants do not answer the 
question entirely. The answer is in the mechanisms 
of clotting and dissolving of clots, which we do 
not yet understand. 

Now, apropos of heparin, Dr. Hyman Engelberg, 
of Los Angeles, reported to the American Heart 
Association four years ago on the use of heparin 
as a vasodilator, wherein he employed it for 
intermittent claudication and for other purposes. 
At that same meeting, the four discussants showed 
that by the intravenous use of heparin they had 
produced immediate direct coronary thrombosis 
within 4 to 12 hours in eight cases. Heparin does 
have the potential of being a vasodilator and can 
dislodge a clot. Now this should not condemn 
heparin, or all anticoagulants. 
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Dr. Joun H. Otwin, Chicago: I dislike pro- 
longing the session, but I would like to add one 
point. We all know that there are certain patients 
who, no matter how much anticoagulant is given, 
continue to have thromboembolic phenomena. 
These, as a rule, have some unusual condition, 
such as pancreatic tumor or generalized carcinoma ; 
but I think we are concerned here primarily with 
patients who have a more usual response to anti- 
coagulants. 

I'd like to emphasize Dr. de Takats’ point, and 
I, too, wonder whether the avenue of administration 
is not responsible for the results reported by Dr. 
Weismann and Dr. Tobin. We know that heparin 
has a protean action. Its composition is not defi- 
nitely known. It influences many phases of the 
coagulation mechanism. Dr. de Takats mentioned 
one of them, namely, the interference with the 
agglutinability of platelets. We know that it has 
certain enzyme influences, one of them being the 
activation of certain lipases. Heparin that lies in 
the tissues before it reaches the blood stream 
proper, even though its activity is reflected in the 
coagulation mechanism, may be a_ considerably 
changed substance by the time it gets to the blood 
stream. Thus, it is likely that it is not the total 
influence of heparin that the patient is getting 
when it is administered other than by the intra- 
venous route. 

CHAIRMAN Harris B. SHUMACKER JR., Indian- 
apolis: Any other discussion? 
important problem. 


This is a very 
I wonder whether we could 
have a show of hands of those who have observed 
arterial embolism during active heparin therapy. 
Have any others observed such arterial embolism? 

I'd like to comment on one aspect of the prob- 
lem of arterial embolism. My colleagues and I, 
like others, have been impressed with the apparent 
fact that the best safeguard against further arterial 
embolism in patients with mitral stenosis is mitral 
valvulotomy. We, like others, have also observed 
that in the occasional case in which a large em- 
bolus is dislodged during mitral valvulotomy the 
patient withstands embolectomy quite well im- 
mediately following that procedure. This includes 
abdominal exploration for extraction of an aortic 
bifurcation embolus. I feel more and more strongly 
as time passes that mitral valvulotomy should be 
done as promptly as possible in those patients with 
mitral stenosis who come in with arterial embolism. 

Not long ago a patient was admitted to our 
service one week after she had developed a left 
common iliac embolus, which had been treated by 
femoral exploration, with survival of the limb in 
spite of failure to restore pulses. A short while 
after she entered our hospital another embolism 
to the aortic bifurcation occurred. We took her to 
the operating room and did a mitral valvulotomy, 
immediately following it by an aortic exploration. 
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with satisfactory extraction of the embolus. She 
did very well indeed. I am that 
are not certain circumstances in which the com- 
bined procedure might constitute the best manage- 
ment of the patient. 

Dr. Ratpo A. Derertinc Jr. New York: | 
rise to mention a case in which Dr. Harold Zintel 


not sure there 


operated several years ago, when he was still in 
Philadelphia. The patient, a man who developed 
a peripheral embolus, also had heart disease. The 
embolus was extracted from the femoral artery, 
and the patient was heparinized. 


which was the day I happened to visit him, he 


The next dav, 
suddenly died of a massive embolization to the 
superior mesenteric artery and aorta, despite the 
fact that he had been heparinized. It was of 
further interest that autopsy failed to reveal any 
residual clot in the heart. I have also seen cases 
with no residual thrombus in the heart after a 
massive embolization and death. 

Dr. Ropcer E. WEISMANN, Hanover, N. H.: 
I, too, was disturbed and upset by this series of 
events, which I have not been able to explain to my 
entire satisfaction. The principal 
which we feel were unequivocal were reported by 
Dr. Tobin, and I am not able to give any statistical 
data on how many people received heparin during 
this period. It is impossible for me to tell how 
many people had received heparin for other pur- 
poses. However, these are cases that came to our 
attenion on the vascular service, and, as you see, 
they were a heterogeneous group of people under- 
going operation by other services for other things 
at the time. 

We didn’t really become aware of what was 


observations 


going on until these cases started to appear in a 
rather rapid sequence, and we have now been able 
to predict in three cases that this embolization was 
going to happen some weeks or so before it did. 
We have now become quite disturbed about heparin 
and have reviewed our methods of administration. 

I feel Dr. de Takats may have impertant help 
for us in the future. Perhaps our method of 


W etsmann—T obin 


administration by the subcutaneous and intra- 
muscular route, in an attempt to sustain a pro- 
longed elevation of the Lee-White clotting time, 
is an incorrect one. If it is incorrect, more people 
should know it. 

Dr. ArrHur M. VINEBERG, Montreal: I'd like 
to draw the attention of this audience to the fact 
that some of the anticoagulants when used in an 
excessive manner can be very dangerous, as you 
know, and tell you about a case of mitral stenosis 
in which a slight hemoptysis developed. The pa- 
tient was placed on anticoagulant therapy, and 
within a few days the prothrombin time dropped 
to 10% of normal, with extensive generalized 
bleeding into all tissues, contributing to the pa- 
tient’s death. Although the anticoagulant used in 
this case was not heparin, it certainly makes one 
consider the dangers inherent in the excessive use 
of any coagulant, reaffirming the experiences 
which have been drawn to your attenion by the 
New Hampshire group. 

In our series of coronary artery cases, we use 
anticoagulants, commencing on the second day. It 
is used in small doses, and many of our patholo- 
gists feel that the prothrombin time when main- 
tained at 140% is not adequate. At any time that 
we have permitted the hemotologists to lower the 
prothrombin level to 10% or 12%, which is termed 
adequate anticoagulant therapy, we have experi- 
enced serious complications. 

Dr. S. B. BHonstay, New York: I'd like to 
ask whether the heparin that was used was the 
standard heparin solution that we have all been 
accustomed to use or whether any different 
product was given. 

Dr. RicHarp W. Tosrn: The heparin prepara- 
tion used in our hospital is heparin sodium 100 mg. 
per cubic centimeter. I believe it is the standard 
preparation used throughout the country. 

I would like to add that we have worked closely 
with the pathologists in the cases reported, and 
come to with the entity as 


they have agree 


described. 
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Laboratory Studies in the Evaluation of Postphlebitic 


Disease 


W. G. ANLYAN, M.D.; J. K. ISLEY, M.D.; J, F. SCHAUBLE, M.D.; G. J. BAYLIN, M.D., and 


R. W. POSTLETHWAIT, M.D., Durham, N. C. 


The purpose of this paper is to describe 
our experience with three tests in the evalua- 
tion of patients with postphlebitic limbs. 
Clinical signs and symptoms have mainly 
been relied upon in the study of these pa- 
tients. Our work suggests that these three 
laboratory tests may be of value in helping 
(1) to determine the degree of deep venous 
occlusion, (2) to differentiate between pri- 
mary varicose veins and postphlebitic in- 
competent superficial collaterals, and (3) 
to gain some idea of the efficacy of certain 
surgical procedures employed in the manage- 
ment of postphlebitic ulcers. 

The three tests used (1) 
venography, to obtain a picture of the 
anatomic derangement and degree of deep 
(2) venous pressure 
studies, to evaluate the functional capacity 
of the venous valves during exercise and 
the changes in pressure following venous 
ligations, and (3) radioactive isotope out- 
flow studies, to study the flow of a small 
column of fluid through the venous outflow 
tract of a limb. Corollary experiments were 
also carried out in dogs where controlled 
lesions have been produced. 


are isoflow 


venous occlusion; 


These tests were performed on a total of 
40 patients ; the majority had studies of both 
lower extremities. Of the series 22 patients 
had postphlebitic venous insufficiency, 9 
patients had primary varicosis, and 9 were 
normal controls. 


Submitted for publication Sept. 4, 1957. 

From the Departments of Surgery and Radi- 
ology, Duke University School of Medicine, and 
the Veterans’ Administration Hospital. 

Presented at the Fifth Scientific Meeting of the 
North American Chapter ot the International 
Society of Angiology, New Yor, June 1, 1957. 


228 


cae 


Methods 


Isoflow Venography—A _ small polyethylene 
catheter was inserted into the long saphenous vein 
at the ankle and connected to a drip of isotonic 
saline containing 10 mg. of aqueous heparin 
sodium per 1000 cc. of saline solution. From 35 to 
50 cc. of 50% diatrizoate (Hypaque) sodium was 
injected through the catheter over a period of 
15 to 20 seconds, and the roentgenogram was made 
at the conclusion of the injection. Whenever pos- 
sible and indicated, the lower extremities were 
injected simultaneously, and one 14X36 in. x-ray 
film was utilized to minimize x-ray exposure of 
personnel. In such cases the dose per limb was 
limited to 35 cc. of 50% diatrizoate sodium, or a 
total dose of 70 cc. The injection was done with 
the patient in the supine position and without 
tourniquets. The radiographic technique consisted 
of 100 ma. and kvp, with a tube-to-film distance 
of 60 in. and a barium plastic filter over the lower 
tibia and fibula. 

Pressure Studies —With the same polyethylene 
catheter used for the venographic studies, pres- 
sures were measured, using Stathem gauges con- 
nected to a Sanborn Twin-Viso recording device. 
The venous pressures were measured with the 
patient in the following positions: supine, sitting, 
standing, and standing with exercise. 

In seven patients during vena caval ligation 
venous pressures were measured in both lower 
extremities through catheters in both saphenous 
veins with the patients in the supine position. The 
readings were continued for several hours post- 
operatively, until a plateau was reached in the 
pressure readings. Some of the patients were re- 
checked several months postoperatively. 

In the corollary dog experiments, great care was 
required to measure accurately the low normal 
venous pressure with the strain-gauge apparatus; 
in such instances it was often preferable to use a 
saline manometer, which provided an equal degree 
of accuracy. 

Isotope Outflow Studies—Injection of 10yuc to 
15uc in 0.5 ml. of radioactive iodopyracet (Dio- 
drast) was made into the dorsalis pedis vein of 
the foot. Simultaneously recording scintillating 
counters were placed over the popliteal vein, the 
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VENOUS OUTFLOW STUDIES 


Fig. 1—Sketch 
outflow studies. 


showing technique of isotope 


saphenofemoral junction, and the inferior 
cava to the right of the umbilicus (Fig. 1). In 
patients or dogs, after vena caval ligation, the vena 
caval counter was placed just below and to the 
right of the xiphoid. 

Care was taken to avoid subcutaneous injection 
of the radioactive material. When this was sus- 
pected, the test was repeated on another day. 


vena 


Results 


The venographic studies showed varying 
degrees of deep venous occlusive disease in 
the 22 patients with postphlebitic disease and 
confirmed the impression of primary vari- 
cosis in 9 patients, The special types of cases 
in which venography was of greatest value 
are described in “Comment.” 

The pressure studies are graphed in 
Figure 2. Since there was no difference 
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Fig. 2—Pressure studies showing changes with 
exercise in percentage of standing pressures in 
normal controls, patients with primary varicosis, 
and postphlebitic patients. 


among normal controls, patients with pri- 
mary varicosis, and postphlebitic patients in 
the pressure determinations in the supine 
and sitting positions, these values were not 
charted. The chart illustrates the changes in 
venous pressure between standing and stand- 
ing with exercise. The changes were ex- 


pressed as percentages of the resting 
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Fig. 3—Normal isotope outflow studies in a_ patient 
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(A) without venous disease. 























ARCHIVES OF SURGERY 























{ | 
3 j 


ré 


65 sec. 








VENA CAVA 


POPLITEAL 





Fig. 4—Abnormal isotope study 


affected. 


It was noted that the 
normal controls and the patients with pri- 
mary varicosis experienced a definite drop 
in venous pressure with exercise, due to the 
action of the normal valves in the deep veins 
breaking up the long column of blood 
between the ankle and the heart. On the 
other hand, in the patients with postphlebitic 
limbs and deep venous occlusive disease, a 
wide variation was noted in the changes in 
venous pressure with exercise, ranging from 
an increase in pressure of 152% to a drop 
of 51.5%. These changes were, in general, 
proportional to the extent of deep venous 
occlusive disease. 


standing pressure. 


In the normal controls the isotope studies 
revealed circulation times of from 2.6 to 
9.3 seconds between the dorsalis pedis vein 
and the scintillating counter over the 
popliteal area; of from 9.1 to 10.4 seconds 
over the femoral counter, and of from 10.4 
and 15.6 seconds over the vena caval counter. 
In addition to the prolonged circulation time 
in patients with primary varicosis and in 
the postphlebitic patients, the slope of the 
curve of the increase in radioactivity at each 
recording site was also significant. In con- 
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in patient 
delayed and slow rise in radioactivity at each counter. 


(C) with bilateral postphlebitis showing 


The right leg was more severely 


trast to the sharp and clear-cut wave of radio- 
activity, as noted in Figure 3, in a patient 
without venous disease, a slow, gradual in- 
crease in radioactivity occurred in patients 
with venous disease, as seen in Figure 4. 
The specific instances of the special uses of 
this test are described in the next section. 


Comment 


A careful history taking and a complete 
physical examination remain the most im- 
portant procedures in the evaluation of 
patients for venous disease. The three tests 
described above are most useful as adjuncts 
in obtaining accessory information in the 
study of patients with venous disease. The 
following instances represent the types of 
cases in which we have found these tests to 
be helpful. 

Illustrative Cases.—1. Pretibial Ulcers of 
Unknown Etiology 

Patient A is an example of such a situation. 
He had had repeated ulcerations of the pretibial 
area of the right lower extremity. A diagnosis of 
discoid lupus erythematosus was considered, but 
deep venous occlusive disease could not be ruled 
out. His venograms (Fig. 5) showed an essentially 
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Fig. 5.—Venogram on Patient A, without evi- 
dence of deep venous disease. 


normal deep venous system. The pressure studies 
showed well-functioning deep valves with a definite 
drop in venous pressure with exercise in the stand- 
ing position. The isotope outflow studies showed a 
normal pattern (Fig. 3). No surgical therapy was 
indicated in this patient, and the ulcers healed 
uneventfully with conservative management. 


2. Subjective Symptoms Only of Post- 
phlebitic Disease 


Patient B demonstrated this problem. He had 
previously been told he had “phlebitis.” He com- 
plained of aching pains in both legs, aggravated 
by standing, but showed no objective evidence of 
deep venous insufficiency. His venograms (Fig. 6) 
showed very minimal deep venous occlusive dis- 
ease; pressure studies showed a normal drop with 
exercise, and the isotope outflow studies revealed 
a normal pattern (Fig. 7). 


3. Differentiation of Primary Varicose 


Veins and Postphlebitic Incompetent Super- 
ficial Collaterals 


Patient C was seen with what appeared to be 
primary varicose veins. 
phlebitis. Examination ulcer on the 
lateral aspect of his right leg, thought to be a 
“varicose ulcer.” Venography showed evidence of 
deep venous occlusive disease. His pressure studies 
revealed ambulatory venous hypertension, and his 
isotope studies revealed a pattern of deep venous 
occlusive disease bilaterally (Fig. 4). 


He had no history of 
showed an 


Anlyan et al. 


Fig. 6.—Venogram on Patient B, with minimal 
evidence of deep venous occlusive disease. 


4. Idiopathic Recurrent Pulmonary Em- 
bolism 


Patient D had recurrent bouts of pulmonary 


embolism; she had no symptoms or signs of 


venous disease in the lower extremities. On 
venography (Fig. 8) she was noted to have wide- 
spread deep venous occlusive disease. The isotope 
studies (Fig. 9) revealed a delay in the flow of 
isotope, especially in the right lower extremity, 
with a pattern suggestive of deep venous occlusion. 
interest that 
not change her venous pressure in the lower ex- 
tremities, presumably because the iliac veins were 


already blocked with thrombi (Fig. 10) 


It was of vena caval ligation did 
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VENA CAVA 


Fig. 7.—Normal isotope studies on 


Certain patients may have repeated bouts 
of pulmonary embolism. In an effort to de- 
termine the source of embolism, these tests 
may be quite useful, especially in the absence 


Fig. 8.—Venogram on Patient D, with “idio- 
pathic” recurrent pulmonary embolism. 


Patient B, 
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FEMORAL 


with minimal postphlebitic disease. 


of signs of deep venous thrombosis in the 
lower extremities. 


5. Idiopathic 


Hypertension 
Without Symptoms of Pulmonary Embolism 

Patient E was admitted because of epistaxis. 
A routine chest x-ray showed markedly enlarged 
pulmonary arterial trunks with evidence of de- 
creased peripheral pulmonary arterial circulation 


Pulmonary 


(Fig. 11). Angiocardiography showed several 
occluded branches of the pulmonary arterial trunk 
(Fig. 12). Right-sided cardiac catheterization re- 
vealed pulmonary hypertension, with a _ resting 
pressure of 68/30 mm. Hg. Moderate venous oc- 
clusive disease of the left leg was demonstrated 
on venography. The patient underwent a vena 
caval ligation, uneventfully. 


6. Effect of 
Venous Outflow 


Surgical Procedures on 

It was of particular interest recently to find 
that four of seven patients undergoing vena caval 
ligation did not show any rise in the venous pres- 
sure monitored in both lower extremities during 
and after vena caval ligation, as illustrated by 
Case D (Fig. 10). Subsequent venography re- 
vealed that they already had well-developed col- 
laterals at the time of ligation, resulting from 
previous obliteration of the vena cava by thrombi. 
On the other hand, Patient E had a transient 
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Fig. 9.—Isotope studies on Patient D, showing pattern of deep venous occlusive disease, 
especially of right leg. 
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Fig. 11—Chest x-ray of Patient E, with “idio- 

Fig. 10.—Venous pressure study in lower ex- pathic” pulmonary hypertension without symptoms 
tremities of Patient D, undergoing vena caval of pulmonary embolism. The pulmonary arterial 
ligation. trunks are markedly dilated proximally. 
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Fig. 12.—Angiocardiogram on Patient E, show- 
ing absence of filling of pulmonary arterial tree 
peripherally. 


elevation in venous pressure following vena caval 
ligation for recurrent pulmonary embolism (Fig. 
13). As yet, insufficient data of isotope studies 
performed before and after surgical procedures 
for chronic disease have been 
accumulated to permit any opinion with regard to 
alterations in isotope flow. After a radical clean- 
out of incompetent superficial collaterals of the 
medial aspect of the lower leg (similar to Linton’s 
procedure *), Patient F had a marked delay in 
the passage of the isotope up the affected ex- 
tremity; the pattern was suggestive of marked 
chronic venous insufficiency (Fig. 14). 


venous occlusive 


7. Evaluation of Opposite Limbs Thought 
to Be Normal 


The routine use of venography and pres- 
sure studies through indwelling catheters 
in the “normal” limb of patients with uni- 
lateral postphlebitic limbs is open to question. 
The radiopaque dye and the prolonged intra- 
venous fluid administration for the pressure 
studies may enhance the development of 
the unaffected ex- 
tremity by intimal damage. On the other 
hand, the injection of 0.5 cc. of radioactive 
iodopyracet through a No, 23 needle into 
the dorsalis pedis vein is essentially a harm- 


venous thrombosis in 


less procedure and provides a useful screen- 
ing test by which to evaluate the possible 
presence of unsuspected deep venous oc- 
No complications have oc- 
curred to date in the use of this isotope test. 


clusive disease. 


8. Evaluation of 
Venous Occlusion 


Localized Segmental 


Localized segmental occlusion may be suspected 
from the history, as when the possibility exists that 
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Fig. 13—Venous pressures in Patient E, under- 
going vena caval ligation, showing a transient 
increase in pressure. 


a vein has been ligated for trauma. These tests, 
especially venography, may be useful in determin- 
ing whether the occlusive disease is segmental, 
and possibly amenable to by-pass grafting. Patients 
G and H were both injured in the right pelvis 
by shrapnel during World War II. Following 
laparotomy both had noted a transient swelling 
of the entire right lower extremity. An asympto- 
matic period of several years was followed by the 
onset of symptoms of chronic venous insufficiency. 
It was not known definitely whether the iliac ves- 
sels had been ligated or not at the time of injury 
On venography Patient G found to have 
localized segmental deep venous occlusive disease ; 
this area was by-passed with a saphenous venous 
homograft bridging the common femoral and the 
common iliac veins (Fig. 15). On the other hand, 
Patient H showed diffuse venous occlusive disease 
(Fig. 16) and was not felt to be a candidate for 
by-pass grafting. His isotope studies were of 
interest, in that a delay in the flow of the isotope 
was evident in the entire right lower extremity, 
and not just between the saphenofemoral junction 
and the vena cava. 


Limited Usefulness of Pressure Studies. 


was 


Our findings in the routine use of venous 
pressure studies in postphlebitic patients 
have been similar to the results reported by 
others.1** The pressure 
studies for routine screening is decidedly 


usefulness of 
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Fig. 14.—Isotope study on Patient F after Linton-type clean-out operation 


limited. On the other hand, monitoring the 
changes in venous pressure resulting from 
vena caval ligation may lead to a: better 
understanding of the development of dis- 
abling sequelae following that procedure. 
Scope of Venography.—Venography 
should be used in the same manner that 
arteriography is employed in the study of 
arterial efforts 
some investigators to use “functional 


5 


occlusive disease. Recent 
by 
venography”® or “retrograde venography” 
are of interest, but, from the practical point 
of view, their value in evaluating function 
may have been overestimated. In our labora- 
tory isoflow venography has proved to be a 
simple, reproducible means of evaluating the 
pathologic anatomy of the venous system. 


Anlyan et al. 


Pitfalls in Interpretation.—An erroneous 
assumption is that a vein that does not fill 
is diseased. A vein may be assumed to be 
occluded if a definite segment is obliterated, 
with or without partial recanalization, and 
if this segment is surrounded by collaterals 
(Figs. 15 and 16). 

Streaming is another source of error, 
which may be interpreted to be due to re- 
canalization, when in reality the radiopaque 
material surrounds a column of blood ; when 
in doubt the study may be repeated. 

Dangers and Complications of Venog- 
raphy.—One instance of severe anaphy- 
lactic shock occurred in our institution after 
the injection of radiopaque material (iodo- 
pyracet) for venography. Routinely all pa- 
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Fig. 15.—Venogram on Patient G, with localized 
segmental occlusion of right external iliac vein. 


tients are questioned closely with regard to 
drug sensitivities. Prior to venography 0.5 
cc. of radiopaque material was injected 
intravenously as a test dose. The skin tests 
for the radiopaque materials have been 
found to be unreliable, with a high percent- 
age of “positive” skin tests in patients who 
had no difficulty with subsequent venog- 
raphy. 

Venography has not been carried out in 
patients with acute venous thromboembolism 
for fear of precipitating embolism or propa- 
gating thrombosis. Venography should also 
be avoided in patients with cellulitis of the 
leg to avoid the spread of infection. In 
patients with concomitant arterial occlusive 
disease, great care should be exercised in 
selection before venography to obviate the 
initiation of infection or gangrene. In post- 
phlebitic patients we have noted a high 
incidence of late infections in the phlebotomy 
wounds at the ankle. Consequently, we use 
absorbable sutures for all subcutaneous liga- 
tures. 

Isotope Outflow Studies——When these 
isotope studies were initiated, we were not 
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Fig. 16—Venogram on Patient H, showing dif- 
fuse deep venous occlusive disease of right leg 
despite the same history as Patient G, in Figure 
15. 


aware that Zankel and his associates * had 
used intravenous isotope injection with a 
single counter over the saphenofemoral 
junction in the evaluation of the effect of 
physical methods for speeding up the venous 
circulation. Much more investigation of 
this simple test is needed to evaluate its 
ultimate usefulness in the study of venous 
occlusive disease. Currently, it appears to 
be a very useful tool, similar to the dye 
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dilution tests used in the study of congenital 
heart disease. 


Summary and Conclusions 


Whereas a careful history and a complete 
physical examination remain as the most 
important procedures in the evaluation of 
patients with venous disease, a battery of 
three tests, described above, has been found 
to be a useful adjunct in obtaining accessory 
information. 

The three tests (1) 
ography, (2) venous pressure studies, and 
(3) isotope outflow studies. These tests may 
be of value (a) in determining the degree 
of deep venous occlusion, (>) in differentiat- 
ing between primary varicose veins and 
postphlebitic incompetent superficial col- 


are isoflow ven- 


laterals, and (c) in gaining some idea of 
the efficiency of certain surgical procedures 
employed in the management of postphlebitic 


ulcers. 

The techniques used and the results of 
the tests are described in detail in 40 pa- 
tients, including 22 patients with postphle- 
bitic disease, 9 patients with primary 
varicose veins, and 9 normal controls. 
Special clinical situations are described in 
which these tests may be most helpful. 


Mrs. Bobbie Fisher and Mr. Zack Waters gave 
technical assistance in carrying out these studies. 
Duke University Hospital. 
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DISCUSSION 


Dr. Epwarp A. Epwarps, Boston: I would like 
to ask Dr. Anlyan how the isotope studies compare 
with the simple venous pressure measurement in 
identifying the site of thrombophlebitis and pul- 
monary embolism. In other words, does he find 
that a rise in peripheral venous pressure could be 
noted to correlate with the impeded outflow in such 
cases ? 

Dr. Paut T. DeCamp, New Orleans: 
gratulate the authors on what I think is a beau- 
tiful study. I believe all of us agree that in most 
instances the clinical picture is sufficient but that 
certainly in some instances special studies were 
indicated. 


I con- 


I would like to ask one question and then make 
one comment. The question is whether they have 
any explanation for the fact that apparently the 
venous circulation time which they have found by 
their technique, using the isotopes, is somewhat 
faster than that reported by others who have used 
the same technique. I think their’s comes a little 
closer to what one would expect, but the other 
studies have been longer; I wonder if they have 
any explanation for that. 

As some of you may know, we have been inter- 
ested in ambulatory venous pressure determinations 
for a number of years and have found the test 
useful, particularly in two clinical situations. One 
is the case—the same type as in one of the groups 
referred to today—in which there is some edema, 
perhaps some injury. The question arises as to 
whether or not a deep venous thrombosis has oc- 
curred, and we have found the ambulatory test 
very useful. If one wishes, phebographic study 
can also be made. 

There is another circumstance in which we have 
found the test useful. Of course, those of you 
who feel that every vein in the body can be tied 
with impunity need not listen to this discussion 
But we have cases, typified by a woman we ex- 
amined about a year ago at the Charity Hospital, 
who had previously had vena caval ligation and 
had developed severe varicosities with ulcers of 
the leg. It was obvious that she had extensive 
venous hypertension in her lower extremities, and 
we were anxious to determine how much of a 
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venous removal we could safely perform. Through 
the performance of an ambulatory test repeated 
with a tourniquet placed at various levels to oc- 
clude the superficial system, one can accurately 
predict the effect of operative ligation or removal 
of superficial veins. In this case we found that, 
although her pressures were high all the way, the 
occlusion of the superficial veins at various levels 
did not make the situation worse; so we went 
ahead and did an extensive stripping procedure. 

We have studied other cases in which a tourni- 
quet below the knee made no difference but when 
in the thigh significantly increased the ambulatory 
venous hypertension, and in such cases we usually 
limit our venous ablation to the legs, preserving 
the superficial thigh veins, which are functionally 
useful. 

Dr. Travis Winsor, Los Angeles: We have 
found that venous pressure is affected by the 
presence either of arterial disease or of venous 
disease. If there is a decrease of the arterial 
flow and the patient is exercised, the venous pres- 
sure falls markedly and stays low for a significant 
period of time. If one feels the arterial pulse 
before and after exercise, the pulses will be seen 
to decrease in the presence of arterial disease. 
Also, after exercise the venous pressure falls be- 
cause of a poor arterial inflow with rapid venous 
emptying, due to the muscular constriction of the 
valve-containing veins. In many patients there is 
both arterial and venous disease. So it is not sur- 
prising that there is a very wide variation of venous 
pressures, which were shown in the slides. I 
wonder if there is any way of determining which 
factor is altering the venous pressure in these 
patients—arterial disease or venous disease or both. 

Dr. Martin Fiscuer, New York: I’d like to 
say a kind word for the testing of venous pressure 
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in the cases of upper extremity thrombophlebitis, 
namely, axillary thrombophlebitis, which Dr. 
Freeman has spoken about before. We have used 
the resting venous pressure at different times in 
the same patient to denote recanalization, as an 
index of the point at which the edema was going 
to subside. Of five patients whom we recently 
observed, all had carcinoma of the lung, and I 
interject this comment, as an indication to watch 
for upper extremity thrombophlebitis as a warning 
sign of carcinoma of the lung. 

Dr. W. G. ANLYAN, Durham, N. C.: I should 
like to thank the discussants for their kind com- 
ments. I’m not sure that I quite understand Dr. 
Edwards’ question. Was it to compare the venous 
pressure technique with the isotope study and de- 
termine which is more sensitive? 

We have found the isotope technique to be a 
very sensitive method of determining venous oc- 
clusion. We have not carried out the pressure 
study in the standing position and in other posi- 
tions with exercise with patients suspected of 
having idiopathic pulmonary embolism. 


With regard to Dr. DeCamp’s question: Why 
are our values higher than some reported in the 
literature? I think that our studies were carried 
out with the patient in the supine position, and 
others have carried them out in a slightly tilted 
or standing position; but the counters speak for 


themselves, and we can only measure the records. 

Dr. Winsor is quite right about the arterial 
disease and the effects on venous pressure. We 
have carefully selected these patients and screened 
them for arterial disease, and none of them had 
any evidence thereof. All our patients with venous 
disease are screened for arterial disease and vice 
versa. 





Resection of Aneurysm of Thoracoabdominal Aorta 


Involvement of Celiac and Superior Mesenteric Arteries, with Rupture into 


Psoas Muscle 


ELLIOTT S. HURWITT, M.D.; 
DONALD S. ABELSON, M.D., New York 


The major technical problem in the ex- 
cisional therapy of aneurysms involving the 
thoracoabdominal aorta is ischemia of vital 
organs during the construction of new 
anastomoses to any combination of the 
celiac, superior mesenteric, and renal ar- 
teries. While the duration of complete 
occlusion of these vessels compatible with 
healthy survival is not known definitely in 
it is reasonable to assume that the 
shorter the periods of visceral anoxia the 
better for the patient. In some instances it 
has been possible to obtain a relatively 
brief period of occlusion of the visceral 
e., 37 minutes, by tangential 
excision of the aneurysm and reconstruction 


man, 


arteries, i. 


of the aorta by lateral sutures, as reported 
by Bahnson.? 

DeBakey and co-workers were the first 
successfully to apply the principle of a 
temporary by-pass shunt during resection 
of the aneurysm and replacement by a 
homograft. This operation was performed 
on three patients, two of whom left the 
hospital well, the third dying on the 13th 
postoperative day as the result of a bleeding 
gastrojejunal ulcer. The periods of visceral 
arterial occlusion in these three cases ranged 
from 15 to 116 minutes. After insertion of 
the by-pass shunt, these authors applied 
clamps to the aorta above and below the 
aneurysm and to the involved visceral ar- 
teries, resected the 
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aneurysm, and com- 


Surgical Division, the Montefiore 


BERNARD SEIDENBERG, M.D.; STANLEY C. FELL, M.D., and 


with the renal 
distal aortic-homograft anastomoses. 
By successively moving the distal aortic 
clamp proximally on the graft, they achieved 
comparatively short periods of renal arterial 
occlusion (15 to 46 minutes), with progres- 
sively longer periods for the superior mes- 
enteric (36 to 102 minutes) and celiac 
arteries (44 to 116 minutes); the technique 
is well illustrated in their article. 


menced the reconstruction 
and 


An operative plan was devised, and sub- 
stantiated in the laboratory, whereby the 
thoracoabdominal aorta, with the celiac, su- 
perior mesenteric, and renal arteries, could 
be resected and replaced, without occluding 
any major branch for over 15 minutes. The 
essential modification of the DeBakey pro- 
cedure consisted of leaving the aneurysm 
in situ until most of the permanent anasto- 
moses had been accomplished. Maximum 
advantage of the temporary shunt was there- 
by obtained. The proximal aortic-homo- 
graft anastomosis was constructed first. 
Then, by successive shifting of the clamps 
from above down as each proximal anasto- 
mosis was completed, direct flow through 
the graft replaced the retrograde perfusion 
by way of the by-pass. 

Several different materials have been em- 
ployed successfully as shunt grafts, both 
clinically and in the experimental laboratory. 
These 
grafts, 


arterial homo- 


tubes,*:® 


include 
3,4 


preserved 
polythene compressed 
polyvinyl sponge,’ Tygon tubing,*:* bovine 


brachiocephalic arteries,1® and 


The bovine 


carotid artery employed as the temporary 


porcine 


aortas.?}12 enzyme-digested 


by-pass shunt in the present case was sup- 
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Fig. 1—Roentgenograms of (A) chest, 
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showing globular density extending above and 


below diaphragm, and (B) spine, with erosion of T1l, T12, and LI. 


plied us by Dr. Norman Rosenberg and the 
group with whom he has been investigating 
this material.'*:"* 


Report of Case 


A 53-year-old Negro man was admitted to the 
Montefiore Hospital on Oct. 9, 1956, with the 
chief complaint of left lumbar and left back pain 
of one year’s duration. While doing heavy lifting 
in November, 1955, he had noted sharp left lumbar 
pain with radiation to the left groin and scrotum, 
in the absence of fever or urinary symptoms. The 
pain had recurred intermittently, and the patient 
was admitted to another hospital in August, 1956. 
Physical findings at that time were unremarkable 
except for lumbar tenderness. Significant labora- 
tory data included a hemoglobin of 9.5 gm. per 
100 cc. and positive serological test for syphilis. 
urography did not reveal calculi. 
After leaving the hospital, he continued to ex- 
perience left flank pain, fatigue, and a 30 Ib. 
(13.5 kg.) weight loss. A left upper quadrant mass 
was palpated by an orthopedic surgeon, who re- 
ferred the patient to this hospital. 


Intravenous 


On admission, positive findings were limited to 
the abdomen, which was scaphoid, with marked 
resistance and tenderness to deep palpation in the 
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left upper quadrant. There was spasm of the left 
paravertebral muscles, with tenderness in the costo- 
vertebral angle, but no discrete mass was felt. The 
blood pressure was 126/80. 


Roentgenographic examination of the chest and 
abdomen revealed a large soft-tissue shadow ex- 
tending from the level of the 10th thoracic to the 
2d lumbar vertebra, with erosion of the anterior 
aspects of the vertebral bodies of the 11th and 
12th thoracic and Ist lumbar vertebrae (Fig. 1). 
A presacral air insufflation combined with intra- 
venous urography demonstrated that the retro- 
peritoneal mass displaced the left kidney laterally 
and anteriorly, without ureteral displacement. An 
aortogram disclosed a large sacciform aneurysm 
of the thoracoabdominal aorta. Serological ex- 
amination of the blood was positive for syphilis; 
all other laboratory examinations were normal. 

In preparation for operation, the patient was 
given a course of antisyphilitic with 
penicillin. On one occasion, during an attempt by 
one of us (E. S. H.) to palpate the aneurysm, the 


therapy 


patient complained of severe pain and a sense of 
something trickling down his spine. The true sig- 
nificance of this observation was not appreciated 
until the time of operation a few days later! 
Following replacement of a calculated blood 
volume deficit, bowel preparation, and small-bowel 
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intubation, operation was performed on Nov. 28, 
1956. Under general anesthesia, with an endo- 
tracheal tube left 


in place, a thoracoabdominal 


incision was employed, and the left pleural cavity 


was entered in the seventh intercostal space. The 
inferior pulmonary ligament was divided, and the 
lung was retracted upward. The normal-appearing 
midthoracic aorta was angulated sharply to the 
left as it continued into a large aneurysm, extend- 
ing from approximately 5 cm. above the diaphragm 
to about 14 below. The 
centric, extending low down into the left para- 
vertebral gutter and into the the 
left psoas muscle; at its widest portion it meas- 
ured 15 cm. width. 

The the aneurysm 
mobilized, and a tape was passed around it. 
diaphragm incised radially 
hiatus; the left lateral parietal peritoneum was 
incised along the line of Monck, and the entire 
left colon, splenic flexure, and spleen were mobil- 
ized and retracted toward the midline, including 
the spermatic vessels and the ureter. Following 
incision of Gerota’s fascia, the left kidney and 
adrenal gland were mobilized and retracted to the 
right. The abdominal aorta below the aneurysm 
was mobilized and a tape passed around it. The 
celiac axis, measuring 8 mm. in diameter, and the 
superior mesenteric artery, measuring 1 cm. in 
diameter, definitely arose from the portion of the 
aorta involved by the aneurysm. 


cm. aneurysm was ec- 


substance of 


in 


thoracic aorta above was 


The 
the aortic 


was to 


These vessels 
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Fig. 2—Diagrams showing (4) shunt being 
inserted and (B) aorta clamped above aneurysm. 


(C) Photograph of shunt around aneurysm. 


The 
renal artery and a pair of left renal arteries 


were mobilized and tapes passed around them 
right 
were mobilized and surrounded by tapes; at this 
point it was not possible to state whether these 
vessels were involved. It appeared as though the 
right renal artery would be spared, but the low 
descent of the aneurysm on the left obscured the 


relationship to the blood supply of the left kidney. 
A temporary by-pass shunt was sutured to the 
and the ab- 
A segment of 


thoracic aorta above the aneurysm 
dominal aorta below the aneurysm. 
denatured bovine artery 
measuring 28 cm. in length and 1.19 cm. in diam- 
eter. The anastomoses of the temporary shunt to 
the host aorta were performed with running 
sutures of 0000 arterial silk, over exclusion clamps. 
The collagen tube handled extremely well, and 
did not leak or weep after removal of the clamps. 
At this point blood was flowing through both the 
host aorta with the aneurysm and the by-pass 
(Fig. 2). 

The aorta above the aneurysm was divided be- 
tween clamps, and the permanent aortic homograft, 
preserved by ethylene oxide sterilization and freez- 
ing, was anastomosed to the proximal end of the 
divided thoracic aorta (Fig. 3). The retrograde 
perfusion by way of the shunt now supplied the 
entire body from the midthoracic aorta down, in- 
cluding the direct flow to the lower extremities. 
Additional length in the homograft had been ob- 
tained by removing a segment the 


carotid was employed, 


from below 
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Fig. 3.—Aorta divided above aneurysm and 
proximal anastomosis begun between aorta and 
homograft. 


A. M. A. ARCHIVES OF SURGERY 
permanent graft (Fig. 4). The superior mesen- 
teric artery was similarly divided and anastomosed 
to the comparable branch of the graft, during a 
14-minute period of occlusion. The noncrushing 
clamp was moved below the level of the superior 
mesenteric artery, providing blood flow to this 
vessel through the graft (Fig. 5). 

It was then established that the renal arteries 
arose below the aneurysm, and a clamp was placed 
across the aorta just proximal to the renal arteries. 
At no time during the entire operation was there 
any interference with blood supply to the kidneys. 
When the aneurysm was mobilized over its left 
lateral border, it was found to have ruptured into 
the left psoas muscle. Large amounts of old and 
recent clot and grumous material were evacuated 


Fig. 4—(A) Proximal aortic anastomosis completed; celiac anastomosis in progress. (B) 
Clamp below celiac anastomosis; superior mesenteric anastomosis in progress. 


level of the renal arteries and suturing it to the 
upper segment. The celiac axis was ligated, di- 
vided, and anastomosed to the celiac axis of the 
graft, with 12 minutes of occlusion. The proximal 
clamp was moved distal to the reconstructed celiac 
axis, providing flow to this vessel through the 


Fig. 5—Clamp shifted below completed superior 
mesenteric anastomosis, permitting direct blood 
flow through graft to viscera. The aorta is clamped 
below the aneurysm but above the renal arteries, 
and renal flow via the shunt is uninterrupted. 


of SMA. | 


_ Stump of Cetiac A. 


from the aneurysm. At this point the eroded verte- 
bral bodies could be readily visualized. Bleeding 
from within the aneurysm was controlled by 
suture ligature of the intercostal and lumbar 
arteries. The aorta was divided proximal to the 
distal occluding clamp, and the entire aneurysmal 
wall removed with the exception of small, dis- 
integrated fragments posteriorly (Fig. 6). Upon 


exposing eroded 
anastomosis in 


Fig. 6—Aneurysm excised, 
vertebral bodies; distal aortic 
progress, 
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Fig. 7—Diagram (A) and photograph 
anastomoses and removal of shunt. 


completion of the distal anastomosis between the 
homograft and the aorta, 
through both the permanent graft and the by-pass. 
Removal of the temporary shunt was accomplished 
by the use of exclusion clamps, and the aortotomy 
sites were repaired with running sutures of 0000 
silk (Fig. 7). The incision in the diaphragm was 


blood was flowing 


repaired and the abdominal viscera returned to 
their customary positions; splenectomy per- 
formed because of superficial lacerations in the 


was 
capsule. The region of the aneurysmal bed was 
drained with two small Penrose cigarette drains, 
brought out through a stab the left 
flank, and the left pleural cavity was drained by 
an underwater tube brought out through the ninth 
interspace in the posterior axillary line. The chest 
was closed layers with 
surgical (gut) sutures. 
with buried wire on-end mattress sutures through 
fascia, musculature, silk 
sutures to the skin. 


wound in 


in chromic absorbable 


The abdomen was closed 
and peritoneum, and 

The operation required 10% hours, during which 
the patient 3700 of blood. Blood 
volume determinations during and immediately 
after the operation revealed deficits that were 
replaced, requiring an additional 1000 cc. of blood 
postoperatively. Within two hours after operation 
the patient had put out 100 cc. of clear urine and 
had a stable blood pressure and pulse. The uri- 
nary output was 540 cc. on the first postoperative 
day and ranged over 1300 cc. daily thereafter. 
During the first two postoperative weeks, however, 
there were a number of problems. 


received cc. 


A temperature 
of 104 F on the first postoperative day was as- 
sociated with bilateral atelectasis, which subsided 
with a careful endotracheal toilet. On the third 
postoperative day a 3-in. (7.5 cm.) disruption was 
noted at the upper angle of the abdominal wound, 
and this repaired the 
Normal bowel sounds were present, and spon- 
taneous defecation occurred the fifth post- 
operative day. On the eighth day he again became 
febrile and complained of left lower thoracic and 


was in operating room. 


on 


Hurwitt et al. 


(B) 


following completion of all homograft 


left upper abdominal pain, associated with dyspnea. 
Three hundred cubic centimeters of serosanguine- 
on the 
On the 10th day vomiting and ab- 
dominal distention developed. 
the 


ous fluid was aspirated by thoracentesis 


ninth day. 
Roentgenograms of 


abdomen suggested small-bowel obstruction; 


suction alimentation 


On 


nasogastric and parenteral 
Dec. 9, 11 


aneurysm, 


instituted. 
of 


of 


were or days after 


resection the there was definite 


evidence mechanical small-bowel obstruction, 
and laparotomy was performed, with lysis of mul- 
tiple dense adhesions causing jejunal obstruction. 
From then on the improved _ steadily. 
Bowel function was again resumed promptly, and 
the wounds healed per primum. He was discharged 
from the hospital on Jan. 3, 1957, or 36 days after 
resection of aneurysm. Four months after 
operation the patient had gained 30 Ib. (13.5 kg.) in 


weight and had returned to his work as a janitor 


patient 


the 


Comment 


From the reports available at this time, 
this would seem to be the fifth patient to 
leave a hospital well after removal and re- 
placement of an aneurysm in this area, and 
the first in whom the aneurysm had rup- 
tured into the psoas muscle. It is also the 
first human application of a denatured bo- 
vine heterograft, employed here for the 
temporary shunt. The aneurysm in this 
man was dissecting a path into the psoas 
muscle, like a cold abscess, and his observa- 
tion of something trickling down his spine 
during palpation of the aneurysm should 
have received more careful attention. 

The procedure described here differs from 
that of DeBakey in deferring resection of 
the aneurysm until all of the permanent 
anastomoses except the final aortic one have 
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been completed. By delaying the distal 
aortic-homograft anastomosis until the final 
stage, and mobilizing the left kidney ante- 
riorly, it should be possible to complete all 
of the visceral anastomoses in such a way 
that ischemia to the intra-abdominal organs 
can be so completely minimized. The mo- 
bility of the structures with this technique 
prevents interference with the procedure 
by the space-occupying aneurysmal mass, 
The finding of noninvolved renal arteries in 
this case simplified the problem enormously, 
since the kidneys were perfused by the tem- 
porary shunt throughout the entire proce- 
dure. The double left renal artery in this 
instance would have constituted an addi- 
tional problem, had arterial replacement 
been necessary. 

The protein-digested bovine carotid ar- 
tery employed for the temporary shunt 
functioned with complete satisfaction for 
4+ hours and 40 minutes, before it was dis- 
connected. The ready availability of this 
material, and its qualities of ease of han- 
dling, nonleaking, and nonclotting, make it 
ideal for this purpose. Whether or not this 
material will ultimately have a place in 
permanent arterial replacement is beyond 
the of this paper. Papain-digested 
equine arterial heterografts have already 
been found wanting in permanent human 
application, with aneurysmal dilatation as 
the end-result..° The general subject of 
heterologous aortic grafts has recently been 
reviewed by Wesolowski and Sauvage.'® 
Utilization of a by-pass shunt of this sort, 


scope 


regardless of whether or not this material 
is selected, would seem preferable to em- 
ploying a mechanical pump shunt, which 
would involve heparinization and the prob- 
ability of some element of destruction of 
blood components during the prolonged 
period of by-pass. On the other hand, con- 
trolled extracorporeal circulation currently 
offers the greatest promise in operations for 
aneurysms of the ascending thoracic aorta 
and arch.1™!® Three aneurysms of the tho- 
racoabdominal aorta were excised by this 
technique, with one survival.?® 
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DeBakey also resected a thoracoabdom- 
inal aortic aneurysm under hypothermia, 
without a shunt.* This patient died of renal 
failure one week after operation; the renal 
arteries had been occluded for 105 minutes. 
The one successful resection of an aneurysm 
in this location without a shunt, but with the 
relative protection of hypothermia, was re- 
ported by Rob and Owen.”° In this extra- 
ordinary case it was possible to ligate both 
the celiac and the superior mesenteric ar- 
teries, with no attempt at reconstruction, 
since both of these vessels were completely 
thrombosed, presumably in association with 
a previous wiring of the aneurysm. The 
abdominal viscera had obviously been re- 
ceiving an adequate blood supply by collat- 
erals. The renal arteries were not involved 
by the aneurysm and were occluded for 96 
minutes during resection of the involved 
aorta and replacement with a tubular pros- 
thesis of polyvinyl alcohol sponge. 


Summary 


Successful resection was accomplished of 
an aneurysm of the thoracoabdominal aorta, 
involving the celiac and superior mesenteric 
arteries, with rupture into the psoas muscle. 

The by-pass principle, applied by De 
Bakey to aneurysms in this iocation, was 
modified to achieve minimal periods of 
visceral ischemia by leaving the aneurysm 
in situ until most of the permanent anasto- 
moses had been accomplished. 


From the available reports, the patient 
reported would appear to be the fifth to 
leave a hospital well after removal and 
replacement of an aneurysm in this loca- 


tion, the first in whom the aneurysm had 
ruptured prior to operation, and the first in 
whom a protein-digested bovine heterograft 
was employed for the temporary by-pass 
shunt. 


Johnson & Johnson made available the denatured 
bovine heterograft, and aided a motion-picture re- 
cording of this operation. 


Montefiore Hospital, 210 St. and Bainbridge 
Ave. (67) (Dr. Hurwitt). 
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DISCUSSION 


De Baxkey, Houston, Texas: 
I should like to congratulate Dr. Hurwitt, first, on 
the successful application of the procedure and, 
second, upon saving the life of a fellow Texan. 
(Laughter) 


Dr. MICHAEL 


Our experience with his type of aneurysm now 
totals 15 cases. This is approximately 3% of all 
cases of aneurysms of the aorta that we have 
treated by resection. Thus, they are relatively 
uncommon. : 


As regards the technique of resection, I think 
that the principle adopted by Dr. Hurwitt in his 
case of minimizing the time of arrest of circula- 


tion to the various vital branches of the aorta is 
highly important. 


We have not used the shunt in all of the cases. 
since it has proved to be unnecessary in some 
instances, owing to the fact that the aneurysm may 
not involve all the branches of this segment of 
the aorta, as well illustrated by the case Dr. Hur- 
witt described. It is our belief, however, that the 
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kidneys are the most sensitive organs to tem- 
porary arrest of circulation and that therefore 
one must plan the procedure in such a way to 
minimize the time of arrest of circulation to the 
renal arteries. Under these circumstances we 
apply the shunt procedure. 

From our experience I question the need to use 
the shunt in cases in which the aneurysm involves 
only the celiac, and possibly the superior mesen- 
teric arteries, because we have successfully re- 
sected such aneurysms without the use of the 
shunt. Moreover, the time required for restoring 
circulation to these vessels should be less than 
one hour in most instances, and this period of 
circulatory arrest seems to be well tolerated. 

In the cases, however, in which the renal artery 
is involved, the shunt procedure or some method 
ot perfusing these arteries is desirable. We have 
tecently described our procedure of using the latter 
method of controlled extracorporeal circulation, 
in which blood is removed from the left auricle and 
perfused to these arteries. Actually, one need only 
perfuse one of the renal arteries, for the time re- 
quired for restoring circulation to the other renal 
artery should be less than one-half hour, and that 
can be easily tolerated by the kidney. 

Technically, there is one other feature of the 
problem that deserves consideration, particularly 
in light of the method used by Dr. Hurwitt, in 
which graft replacement was performed and cir- 
culation restored before excision of the aneurysm. 
This was possible in his case because the aneurysm 
did not involve the renal arteries. In most cases, 
however, in which the aneurysm involves the renal 
arteries this is not possible, and it becomes neces- 
sary to excise the aneurysm first in order to 
perform the graft anastomosis to these vessels. 

Our over-all experience with aneurysms involv- 
ing this segment of the aorta includes 15 cases, 
with 5 deaths. While this may be an acceptable 
mortality in the light of the gravity of this prob- 
lem, it should be possible to reduce it with further 
experience and development of more efficient 
techniques. 

Dr. RALPH A. DererLING Jr., New York: I also 
would like to congratulate Dr. Hurwitt. We were 
very fortunate in seeing this movie strip some 


months ago. I was glad last Monday afternoon 
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that I did see it. I opened the abdomen of a man 
that I thought had just a simple arteriosclerotic 
aneurysm, and found a huge syphilitic aneurysm, 
with the left renal vein running across the bottom 
of it. My associate, Dr. Bhonslay, had a homograft 
with all the proper branches on it; so we extended 
our incision and got to work. This man did have 
the celiac axis, the superior mesentery and both 
renal arteries arising from the sac, and I concur 
with Dr. DeBakey that when the renal vessels 
are involved also it is a horse of a different color. 
We employed the same technique as that shown 
by Dr. Hurwitt and can attest to the excellence 
of the bovine carotid shunt, which is easy to apply, 
very flexible, and does not leak. We performed 13 
anastomoses in all and had to add a piece of 
thoracic aorta to the celiac axis for sufficient 
length, as Dr. Hurwitt did. We found the anasto- 
moses easy to the superior mesentery artery and 
to the celiac axis, but the renal arteries were a 
problem because the aneurysm was still in place. 


We added a 1-in. femoral homograft to the left 
renal artery to allow us to complete that anasto- 
mosis with minimal interruption. We then clamped 
the right renal artery and the aorta below the 
aneurysm and quickly excised the aneurysm. We 
then anastomosed the right renal artery and shifted 
the clamp, thus restoring the right renal circula- 
tion after a brief period of interruption. We then 
completed the distal aortic anastomosis. As with 
Dr. Hurwitt, during most of the other anastomoses, 
circulation through the particular vessel was oc- 
cluded for just a few moments. Finally, the by- 
pass was removed. 


Now, on the fifth day, the patient is ambulating. 
The urine output was excellent from the begin- 
ning, with almost a liter in the first 24 hours. The 
peripheral and central nervous systems were unim- 
paired. I think really that this technique is now 
on a firm basis. Certainly, Dr. DeBakey’s group 
has already made that clear. However, as I re- 
call, Dr. DeBakey employs a slightly different 
technique in performing the anastomoses from 
below up. I simply would like to state that Dr. 
Hurwitt’s method was easy and very satisfactory. 

Dr. Exttiorr S. Hurwitt, New York: I would 
like to thank the discussants for being so kind to 
our paper. 
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Experience with Permanent By-Pass Grafts in 


Treatment of Occlusive Arterial Disease 


RALPH A, DETERLING Jr., M.D., New York 


Of all the peripheral vascular conditions 
in which the surgeon has employed some 
form of vascular graft or prosthesis, arte- 
riosclerotic occlusive disease has proved to 
be the most difficult to conquer. In some 
patients with this condition the serious 
involvement of all the vessels of a limb, 
including the smaller distal arteries, makes 
the use of a graft impractical, since its 
continued function or benefit is very un- 
likely in such a compromised arterial tree. 
In other patients with intermittent small 
areas of complete or partial occlusion, suc- 
cess with grafts has been transient at times 
because the surgeon has not completely 
excluded potential areas of subsequent oc- 
clusion in a major peripheral artery. How- 
ever, added to these failures must be those 
relating to surgical technique. Imperfect 
anastomoses, a poorly executed associated 
thrombendarterectomy, and unsuitable graft 
material have contributed to the list of 
failures in at least the early cases of most 
hospitals. 

A review of the cases with occlusive dis- 
ease of the terminal abdominal aorta and 
major peripheral arteries of the lower ex- 
tremity treated at the Presbyterian Hospital 
up to 1955 by excision of the nonfunction- 
ing segments and end-to-end insertion of 
grafts revealed a significant number of 
early and late failures which might be con- 
sidered technical. The operative note almost 
invariably reflected the concern of the sur- 
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geon over his ability to achieve a completely 
satisfactory anastomosis of the graft with 
a badly degenerated artery. The inflamma- 
tory fibroplasia of the adventitial zone, the 
atheromatous and calcific plaques of the 
subintimal layers, and the reduced size of 
the lumen presented a challenge to the per- 
formance of a satisfactory anastomosis. 

Stimulated by the success claimed by 
Kunlin,’ Cockett,? Linton,?* and Craw- 
ford®*® with the use of by-pass or skip 
grafts in the treatment of segmental occlu- 
sive disease, I began in July, 1955, to em- 
ploy exclusively by-pass grafts in all 
patients operated on for acquired segmental 
occlusion of the major arteries of the lower 
extremities, and more recently extended 
their use to include patients with occlusion 
of the thoracic and abdominal aorta and 
with aneurysm of the thoracic aorta. How- 
ever, since this report deals largely with 
segmental occlusion of the femoral artery, 
several aspects of surgical technique be- 
lieved to be related to the successful appli- 
cation of this procedure will be emphasized 
before considering the results. 


Surgical Technique 


For exposure of the common and super- 
ficial femoral arteries and of the popliteal 
artery, the supine position of the patient 
has been quite adequate. In the few in- 
stances in which the popliteal artery alone 
was involved, easier exposure was afforded 
by employing the prone or semiprone posi- 
tion. With the patient supine, the knee is 
slightly flexed and the leg externally rotated 
and abducted. 

Since success depends upon a suitable 
efferent channel, the artery distal to the 
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block has been explored first. This segment 
is generally below the adductor canal, where 
many of the occlusions seem to originate.’ 
A more serious compromise of the popliteal 
artery than that suggested by arteriograms 
has made abandonment of the graft proce- 
dure mandatory in at least two patients. 

A vertical incision is made on the medial 
aspect of the thigh from the middle third to 
the knee joint, at which point the incision is 
curved posteriorly, in the shape of a hockey 
stick. A flap of skin, subcutaneous fat, and 
deep fascia is reflected by sharp dissection, 
exposing the plane between the sartorius 
and the adductor magnus muscle. The sar- 
torius muscle is mobilized medially, taking 
care not to injure the sizable saphenous 
nerve, which emerges from the femoral 
sheath on to the deep surface of the muscle 
just above the knee joint level. The popliteal 
artery is generally found easily by palpation 
in the fat pad below the adductor canal, deep 
on the posterior surface of the femur. The 
vein is intimately associated with the ar- 
tery, and there is usually a fibrous adherence 
resulting from the inflammatory reaction 
found about arteries affected by moderate to 
severe arteriosclerosis. Very gentle and 
limited dissection should be performed, since 
phlebitis may follow rough manipulation of 
the vein. Care is exercised to avoid injury 
to all small arterial collateral arteries in the 
operative field. Palpation of the distal ar- 
tery can usually confirm patency, even 
though the wall may be firm and thickened 
from the disease process. In some instances, 
aspiration of blood from the artery through 
a hypodermic needle may substantiate pa- 
tency, since undue manipulation of these 
vessels is undesirable. If the artery has a 
suitable lumen, a 3 cm. segment least af- 
fected by atheroma and calcification imme- 
diately distal to the area of occlusion is 
mobilized. Double-looped strands of 00 
braided silk are placed about the arterial 
collateral channels for subsequent tempo- 
rary occlusion. Lengths of narrow braided 
cotton or nylon tape coated with white 
petroiatum are looped doubly about the ar- 
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tery at the upper and lower ends of the 
isolated arterial segment. In minimally in- 
volved arteries, one may use Pott’s bulldog 
clamps for occluding the artery at the time 
of anastomosis. 


Next, the femoral sheath is opened over 
the proximal point of arterial occlusion in 
patients with obstructions extending into 
the midthird of the thigh. Should the occlu- 
sion be more extensive, the common femoral 
artery may be exposed by extending the in- 
cision, or, preferably, by a short separate 
vertical incision below Poupart’s ligament. 
Again, care is taken not to injure the juxta- 
posed vein and nerve. The site for the 
upper anastomosis should be at the exact 
point where strong arterial pulsation dimin- 
ishes or disappears. Here, again, arterio- 
grams helpful but not invariably 
Partial occlusion by an athero- 


are 
accurate. 
matous plaque may markedly reduce arterial 
blood flow and may not be fully appreciated 
from the arteriogram (Fig. 1). In some 


patients, such a plaque may exist some 


Fig. 1.—Arteriogram of patient with absent 
popliteal and pedal pulses and intermittent claudi- 
cation. The very slightly darker filling defect in 
the lower superficial femoral artery (arrow) rep- 
resents an almost complete occlusion by an 
atheroma. Circulation was completely restored 


with a by-pass graft. 





Vol. 76, Feb., 1958 











PERMANENT BY-PASS GRAFTS 


distance above the site of a total occlusion. 
Ultimate failure from a grafting procedure 
may be expected if the length of diminished 
blood flow is not by-passed, as well as the 
segmental occlusion. 
had early failures in restoration of blood 
flow because of insertion of the distal end 
of the by-pass graft proximal to a partially 
occluding atheroma. In both instances, in- 
sertion of a new longer by-pass graft re- 
stored excellent blood flow with good pedal 
pulses. When the proper level for the 
proximal anastomosis is localized, 3 cm. of 
artery is mobilized by sharp dissection, and 
tapes placed about the artery, as was per- 
formed distally. Again, all collateral arteries 
are spared, but secured by silk loops to 
prevent retrograde bleeding into the lumen 
at the time of anastomosis. 

In general, no further dissection is ad- 
visable except that necessary to ensure an 
adequate channel adjacent to the diseased 
artery in which to place the graft. The 
adductor canal may be widened by sharp 
dissection to admit three fingers, or left 
open completely by severance of the adduc- 
tor magnus fibrous tendon. When two 
incisions have been utilized with long ob- 
structions, necessity for additional dissection 
proximally may be obviated by passing a 
medium Mayo vein stripper along the under 
surface of the sartorius muscle to the upper 
site. 

At this time, the graft is finally checked 
for suitability. In the case of homologous 
arterial grafts, possible leaks from tiny 
branches or areas of transverse fracture of 
the artery are sought. Inflating the graft 
with a 20:1 saline-heparin solution with a 
bulb syringe under moderate pressure usu- 
ally reveals points of weakness. Repair 
with 00000 braided silk swaged on a fine 
needle is recommended, rather than ligation, 
especially if the stump of the branch is 
short. We have had gratifying experience 
for several years at Presbyterian Hospital 
with arterial homografts sterilized by 
8-propriolactone ° after ligation of all major 
branches, and then quick-frozen and stored 
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In two patients, I 


at —70 C. A simple insulated box filled 
with solid carbon dioxide has been satis- 
factory, but we have also used an electric 
cooling chamber capable of maintaining the 
same low temperature.* The prior control 
of branches saves considerable time in the 
operating room and has proved safe experi- 
mentally ® and clinically. Lasting functional 
success has been achieved with these aortic 
homografts implanted into dogs after cold 
storage for 7 years and in humans 18 
months. We recommend very low tempera- 
tures, since histological changes occur dur- 
ing storage at a higher temperature and 
more failures are observed in dogs with 
such grafts.*1? 

When synthetic prostheses are used, the 
graft is checked for proper length and diam- 
eter, since careful approximation 
more important with these replacements 
than with homografts. In addition, a care- 
ful search for imperfections is necessary. 
Finally, if the material is quite porous, 
preclotting of the graft should be performed 
to restrict serious blood loss at the time of 
reestablishment of blood flow following in- 
sertion. Experiments in progress in our 
laboratory are evaluating the value of im- 
pregnating woven synthetic prostheses with 
silicones, collagen gel, gelatin, and certain 
other absorbable, but impermeable, organic 
substances to abolish blood loss through the 
wall of synthetic replacements, yet permit 
subsequent infiltration by fibroblasts during 
the healing period. 


seems 


When the graft is ready for implantation, 
the tapes are tightened about the distal ex- 
posed arterial segment to exclude blood flow 
during anastomosis. We have usually pre- 
ferred tapes to the spring or rachet type 
of instruments because of the great ease 
with which the intima of these vessels can 
be fractured. It is of interest that the very 
earliest experiments with arterial grafts by 
Jaboulay and Briau,"’ in 1896, failed be- 
cause of thrombosis occurring at the site 
of the clamps, and this complication has 


* Available 
Union, N. J. 


from Tenney Engineering Inc., 
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been observed not infrequently during the 
ensuing half-century. With vessels the size 
of the common femoral artery or greater, 
we have been less concerned about the use 
of suitable clamps proximally; and, indeed, 
if there is a great deal of atheroma or cal- 
cification, a clamp may be needed to achieve 
complete occlusion, despite moderate trauma 
to the vessel. 

Following occlusion of the distal arterial 
segment by tapes, a 12 to 15 mm. incision 
is made vertically in a soft portion of the 
wall. Retrograde blood flow is ascertained 
by momentarily releasing the distal tape, at 
which time a fine polythene catheter is 
directed into the distal artery. About 5 ml. 
of the saline-heparin solution is instilled into 
The distal end of 
a homograft is beveled, essentially in the 


the peripheral artery. 


manner described in some detail by Lin- 
ton ** for proper end-to-side insertion ( Fig. 


2, A-C). Flexible braided or knit synthetic 


Fig. 2.—A-C, diagrammatic representation of 
steps in preparing a flared, beveled end to an 
arterial homograft, with stay sutures in place. D, 
drawing illustrating the completion of the insertion 
of a homograft by-pass in a peripheral artery for 
segmental occlusion (dotted area). Note that tapes 
have been used for occlusion rather than clamps. 
E, drawing to demonstrate an alternate method 
with long by-pass grafts when homograft material 
is scarce. Short lengths of arterial grafts have 
been used for an easier, leak-proof anastomosis 
and for a better-conforming curve. The intervening 
straight length is composed of a synthetic woven, 
braided, or knitted tube. 
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Fig. 3.—Curved-end woven synthetic grafts suit- 
able for by-pass technique in peripheral arteries. 


prostheses may be beveled and slightly angu- 
lated for a similar anastomosis. Tightly 
replacements with curved ends ™ 
have been satisfactory, as well (Fig. 3). 


woven 


The end of the graft is approximated to 
the of 00000 
braided silk at each end of the arteriotomy. 
We agree with Linton in not excising an 
ellipse of tissue from the edges of the 
arteriotomy in the popliteal artery, since 
this reduces the circumference of the vessel. 


artery by single sutures 


However, we may excise a millimeter or so 
in vessels the size of the common femoral 
artery or greater to aid in maintenance of 
a patent stoma. The anastomoses are com- 
pleted with a simple continuous suture line. 
Great care is taken to avoid damage to the 
cut the 
through use of forceps or a nerve hook. 


edge of arteriosclerotic artery 
When necessary, I have retracted the arterial 
wall by gently inserting the closed end of 
tissue forceps into the lumen and retracting 
the wall laterally by pressure. The stitches 
are placed through the graft and then 
through the arterial wall from inside, so 
as to avoid separation of intima. With very 
friable arteries, deep bites should be taken 
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on the arterial side, including adequate 
adventitia. Homografts are then inflated by 
injecting saline-heparin solution from the 
upper end. Significant leaks from the anas- 
tomosis should be secured at this time by 
additional interrupted, superficial sutures. 
The graft is then brought through the 
enlarged adductor canal and drawn prox- 
imally without 
stretched under moderate tension for esti- 
mation of exact length, and the upper cut 
end of the homograft is beveled as before. 
Synthetic should be under 
some tension also to avoid wrinkling or 
buckling. The tapes about the proximal 
artery are tightened to occlude all blood 
flow, and occasionally a Pott’s patent ductus 
clamp is used proximally in the larger 
vessels. A vertical arteriotomy is made in 
a relatively soft portion of the wall, after 
mg. of heparin by hypodermic 
needle into the patient’s artery proximal to 
the uppermost point of occlusion by tape or 
instrument. 


torsion. Homografts are 


replacements 


- 


injecting 5 


The anastomosis is completed 
in the same manner as the distal one, but 
with the graft under tension (Fig. 2D). 
Since the supply of homografts is often 
inadequate to meet the needs, especially 
when very long occlusions are to be circum- 
vented, one may have the technical ease and 
security of anastomosing homograft to ar- 
short segments of 
homologous artery for the curved ends, and 
inserting a synthetic tube for the central 
length (Fig. 2E). 


tery by using very 


The tapes isolating the distal arterial seg- 
ment are then loosened, and the graft fills 
by retrograde blood flow. Almost immedi- 
ately, the upper tapes or clamp is removed 
to allow full blood flow through the graft 
and thus avoid the development of clot. 
Light is applied to the 
suture lines, which may leak slightly. Ad- 
ditional sutures are applied to the anasto- 


finger pressure 


mosis only if necessary. 

Should good pulsation be lacking in the 
graft or artery distal to the graft, reocclu- 
sion of the artery is advisable, with reex- 
ploration of the graft and artery through 


Deterling 


the 


several cases, a small fresh clot, apparently 


one of anastomotic suture lines. In 
originating at the proximal site of occlusion, 
was removed, with subsequent satisfactory 
function. The surgeon should avoid reap- 
plying tapes or instruments for any reason 
except poor function or excessive blood 
loss. This is at times noted with long syn- 
thetic grafts. Reocclusion produces addi- 
the intima, as 
well as a period of stasis of blood, both 
contributing to subsequent failure by throm- 


bosis. 


tional trauma to diseased 


In certain cases with moderate diffuse 
arteriosclerosis of arteries distal to the 
graft, or with a compromised anastomosis 
because of degeneration, heparin has been 
administered to induce general anticoagula- 
tion after completion of the anastomosis.’ 


There have been no complications noted in 


Fig. 4.—Inset, drawing illustrating a bifurcation 
homograft employed as a by-pass with end-to-side 
anastomoses to restore blood flow distal to an 
arteriosclerotic occlusion of the terminal aorta and 
common iliac arteries. The photograph shows the 
appearance of such a graft at operation. 
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Results of By-Pass Grafts m Treatment of Occlusive Arterial Disease 








A. Frozen Homologous Arterial Grafts 


No. 
of Grafts Site * 


Femoral; F/P artery 
Iliac; I/F /P 12-50 
Abd. aorta; [/F/P 22-65 
Thoracic aorta 25 


10-36 


Length, Cm. 


Initial 
Success 


No. % 


Persistent 
Failure 





Early Late 
90 ¢ 3 5 
72% 1 0 
75§ 0 0 
00 0 0 


B. Woven Synthetic Fabrice Prosthesis 


6 Femoral; F/P artery 


Femoral; F/P artery 


4 
10 Beveled end 


15-20 
Curved end 
30-35 


6 100 
3 75 





* I, iliac; F, femoral; P, popliteal artery. 


t Two occluded grafts were later replaced, with ee penttion in one. 


4, 





t Two patients required immediate reoperation 


in one led to later amputation. This patient did have meri hay restored to the graft, which had 


in the opposite previous! aay Sonetioning iliac artery. Failure 


clotted soon after insertion. In 


another patient with a long graft from external iliac to popliteal artery under great tension, thrombosis occurred. This patient had 


extensive disease distal to the graft, however. 


§ Two grafts immediately ree set had fresh clot and atheroma occluding one or both iliac anastomoses. Successful function of 


the grafts was restored, but dis 


these patients, but this type of management 
is not recommended for the usual case. 

When occlusion of the terminal aorta 
occurs, there is often serious degeneration 
or occlusion of the iliac vessels as well. The 
use of a frozen homologous bifurcation 
graft has been rewarding because of ease of 
insertion and persistence of function. Most 
cases have had end-to-side anastomoses 
throughout (Fig. 4), but in one case an 
end-to-end aortic anastomosis was em- 
ployed. In the thoracic aorta, the technique 
of implantation has not been difficult. In 
two patients grafts were implanted by end- 
to-side anastomoses, one for coarctation and 
one for aneurysm. 


Results 


I, Frozen Homologous Arterial Grafts.— 
(a) Femoral Artery: Thirty-nine homo- 
grafts were implanted in 31 patients, most of 
whom were male and nondiabetic. In the 
majority, the upper anastomosis was in the 
superficial femoral artery, and rarely in 
the common femoral artery. The lower anas- 
tomosis was most frequently in the popliteal 
artery, 3 cm. or more above the tibial bi- 
furcation. Two of four grafts which failed 
to function well were implanted below this 
level into a small degenerated vessel. Re- 
operation was not performed on these two 
patients; but, rather, lumbar sympathectomy 
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occlusion of one external iliac artery persisted in one case (Fig. 7) 


was done. There were ultimate benefits, but 
of less degree than those achieved with 
complete restoration of blood flow. Reopera- 
tion on one of the other two patients revealed 
a completely thrombosed graft and a dis- 
secting atheromatous plaque below the distal 
anastomosis. A longer, new graft was in- 
serted, employing a site for anastomosis 
below the plaque, and complete restoration 
of arterial circulation has persisted. The 
fourth patient has a patent arterial tree 
distally which warrants reoperation in the 
future. 

There have been five late failures, four 
from thrombosis and one from rupture of 
the homograft following infection. One 
additional case is worthy of mention. An 
aortic bifurcation homograft had been im- 
planted in a man with a large arterioscle- 
rotic aneurysm. About a year later, he 
developed segmental occlusion of both 
superficial femoral arteries, and frozen 
homografts were used in the manner already 
described. Seven months later, he noted 
pulsatile swelling in the region of the grafts, 
and arteriography revealed aneurysmal dila- 
tation of both grafts (Fig. 5). They were 
excised and new homografts inserted with- 
out disturbance to peripheral arterial circu- 
lation. There were five additional patients 
with bilateral grafts, but in only two cases 
has there been continued success of both 
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Fig. 5.—Arteriogram revealing aneurysmal dila- 
tation of bilateral by-pass homografts seven months 
after insertion. The long graft on the patient’s 
right had been implanted under tension; yet with 
degeneration it has elongated greatly. Not shown 
is another aneurysmal area at the distal end of the 
graft. On the left side, a shorter homograft has 
dilated greatly, especially in the distal portion, not 
well shown. Nevertheless, peripheral circulation 
remained excellent. 


grafts. One patient has had little or no 
function remaining in either graft, and the 
others have had one graft fail. However, 
in no instance has the extremity been worse 
after closure of the femoral by-pass graft. 
This is in contrast to our previous experi- 
ence with excisional therapy and end-to-end 
insertion of grafts, with the sacrifice of 
significant terminal collateral arteries. The 
31 grafts which remain functioning have 
reestablished at least the posterior tibial 
pulse, and have permitted the patient un- 
limited walking without symptoms referable 
to arterial circulation. Some patients have 
noted temporary weakness of the leg, or 
pain and/or numbness in small areas about 
the knee, but have in general recovered 
completely in three or four months. In rare 
cases, an arteriogram has been made post- 
operatively, usually as a check on the side 
of operation prior to implantation of a 
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graft in a contralateral femoral artery (Fig. 
6A and B). 

(b) Iliac Artery: Our most troublesome 
complications have occurred in patients with 
an occluded common iliac artery on one side 
and a diseased but patent vessel on the oppo- 
site side. Of seven patients with by-pass 
grafts running from the terminal aorta or 
the beginning of the iliac artery to a distal 
site, an immediate postoperative thrombotic 
occlusion of the opposite artery has devel- 
oped in two, and in the graft as well, in one. 
Immediate reoperation was performed, but 
one man later required amputation of his 
previously functioning limb. Fortunately, 
circulation was. restored in his graft, and his 
originally involved leg has excellent pedal 
pulses. This tragic complication has led me 
to employ a bifurcation aortic by-pass in 
such cases, but, unfortunately, not without 
thrombotic problems. 

The six patients with functioning grafts 
from the iliac artery have full restoration 
of blood flow in the leg. The case 
with a graft failure had a long by-pass from 
external 


one 
iliac artery to popliteal artery 
implanted under undue tension because of 
limited bank material. He had more than 
average degeneration distally, as well. The 
graft failed by thrombosis, and sympathec- 
tomy was subsequently performed, with 
some benefit. 


(c) Abdominal Aorta: Of the eight pa- 


tients with bifurcation grafts from aorta to 
bilateral peripheral arteries, three have had 
thrombosis extending up to the renal arter- 
ies. In these, a vertical elliptical 2 cm. 
opening was made about 3 cm. below the 
renal arteries. Through this opening, clot 
and was extracted, 
with cautious dissection cephalad until pulsa- 
tion of the clot or a trickle of blood was 
noted. Then a curved fine spatula was inserted 
to loosen the remaining mural attachments of 
the clot, following which it was extracted 
with a calculus forceps, with an attendant 
gush of aortic blood. An angulated fine- 
toothed clamp was then applied across the 


aorta above the opening, and the aorta was 


atheromatous material 
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Fig. 6—A, photograph showing a short by-pass homograft in the superficial femoral 
artery. The sartorius muscle lies in the left of the operative field. B, arteriogram showing 
the same homograft 11 months later. There has been slight elongation and diffuse dilatation 
A large terminal collateral artery is shown extending from the artery at the upper end of 


the graft toward the femur. 


midsection. 


ready for graft implantation (Fig. 4). Our 
longest graft was one which I assisted Dr. 
Roy Clauss, of the Manhattan Veterans’ 
Administration Hospital, implant and which 
ran from just below the renal arteries to 
the left popliteal artery and to the right 
common femoral artery. There was excel- 
lent restoration of blood flow to the ex- 
tremities, which has persisted for more than 
a year. In two recent cases with occlusion 
of a single iliac artery, but severe degenera- 
tion of the other, an aortic bifurcation graft 
has been inserted. In one of these, there 
was an end-to-end aortic anastomosis, as 
with 
anastomoses to the external 


described by Linton, end-to-side 
iliac arteries. 
Reexploration of the right iliac vessel, as 
well as removal of fresh clot from the left 
femoral artery, was necessary before closure, 
despite use of heparin prior to graft inser- 
tion. Fortunately, excellent function was 
restored bilaterally. In the second case there 


was thrombotic occlusion on the right, again 


explored before closure of the abdomen. 
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In the other leg, the occlusive process is more diffuse, with 
several atheromata almost occluding the superficial artery below a 


localized block in the 


Although fresh clot was removed from a 
femoral arteriotomy and only fair flow 
established, there was a subsequent occlu- 
sion just below the distal iliac anastomosis 
(Fig. 7). We have considered the graft as 
patent in all eight patients, although an 
additional procedure may be indicated in the 
last case. 

(d) Thoracic Aorta: We have had two 
unusual patients in whom by-pass homo- 
grafts were used. One was a 47-year-old 
woman with a long coarctation of the lower 
thoracic aorta, similar to a case previously 
reported.4 She had an aberrant occluded 
right subclavian artery and atresia of the 
right pulmonary artery. Since the respira- 
tory function of the right lung was almost 
absent, collapse of the left lung during 
operation was inadvisable. It was relatively 
easy to insert a by-pass, with complete 
correction of her brachial hypertension and 
restoration of peripheral blood flow (Fig. 8). 
The other patient was a 47-year-old man 
who had had a previous operative procedure 
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Fig. 7—Aortogram of patient with bifurcation 
by-pass homograft, as shown in Figure 4. Circula- 
tion has been restored to the left leg, but a local- 
ized occlusion is present in the right external iliac 
artery, immediately below the insertion of the 
graft, which remains patent, as does the hypo- 
gastric artery. 


similar to that described by De Bakey.** He 
had a dissecting aneurysm involving the 


Subsequent 
roentgenograms of the chest revealed a large 


abdominal aorta with leakage. 


aneurysm of the thoracic aorta, which was 
just distal to a right posterior arch. The 
aneurysm was excised after insertion of a 
by-pass from the ascending aorta to the 
distal thoracic aorta above the diaphragm. 
The patient did well immediately but had a 
cardiac arrest 12 hours postoperatively, with 
resuscitation. Nevertheless, he died on the 
fourth postoperative day. The graft was 
functioning well and was free of thrombus 
(Fig. 9). 

II, Synthetic Woven Fabric Grafts —A 
woven prosthesis,+ developed in conjunction 


+ Supported by the Haffa Cardiovascular Fund 


and a grant by the American Heart Association; 
available Ethicon Suture 
Somerville, N. J. 


from Laboratories, 
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_ Fig. 8.—Drawing showing the by-pass homograft 
inserted across a long coarctation of the thoracic 
aorta. Normal hemodynamics were reestablished. 
with Dr. Ormand Julian,’* was employed in 
10 patients. In six patients there was a 
localized segmental occlusion of the super- 
ficial femoral artery, and curved-end tubes 
15 and 20 cm. in length were inserted, with 
good immediate function in all. In one 
case the artery subsequently closed below 
the graft, which remained patent, and a 

Fig. 9.—Specimen at autopsy showing by-pass 
aortic homograft between the ascending aorta and 
the descending thoracic aorta. The intervening 


large dissecting aneurysm has been resected. The 
graft was patent and free of thrombus. 





short homograft by-pass again reestablished 
blood flow peripherally. Nine months later 
the artery occluded in the popliteal region, 
and a long homograft was used to by-pass 
both previous grafts, but without satisfac- 
tory function. 

In four severely involved cases, one with 
established gangrene, long straight tubes 
with beveled ends were inserted, but with- 
out lasting success in any. Slight buckling 
adjacent to the anastomosis, and the extent 
of the disease, were considered the essential 
factors in explaining the failures. 


Comment 


Before consideration of which type of 
graft might be best, or which technique of 
implantation might succeed most frequently, 
one should review briefly the factors govern- 
ing proper use of grafts in peripheral oc- 
clusive disease. 1. Exact serial arteriography 
should delineate the full extent of afferent 
and efferent arteries to show partial en- 
croachment on the lumen by atheromata, as 
well as unsuspected occlusions of the tibial 
arteries. 2. An adequate supply of satisfac- 
tory replacements of various lengths and 
diameters protects the patient against fail- 
ures related to the graft per se. 3. Meticu- 
lous surgical technique should include strict 
asepsis, minimal use of clamps, gentle limited 
dissection, placement of the graft along the 
course of the diseased artery under slight 
tension to eliminate buckling, and a length 
of graft sufficient to skip all significant 
atheromata, as well as the occluded segment. 
4. Use of adequate amounts of heparin 
above and below the occluded arterial seg- 
ment during implantation. 5. Adequate blood 
replacement and other measures necessary to 
avoid hypotension in the immediate post- 
operative period. The question naturally 
arises as to whether marked calcification of 
the artery, presence of diabetes, and periph- 
eral ulceration or minimal gangrene should 
preclude the use of grafts. In our experience, 
we have not been deterred by these condi- 
tions if we have evidence of a satisfactory 
peripheral arterial bed. In many of the 
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diabetic cases, there has been too much in- 
volvement of the smaller arteries, as evi- 
denced by the appearance of the foot and 
the presence of dependent rubor, to permit 
reasonable trial of a graft. Nevertherless, a 
small number of our patients were diabetic 
and enjoyed the benefits of a functioning 
graft. In one such man, an indolent ulcer 
on the dorsum of the foot healed rapidly 
after restoration of good blood flow. In 
another, incipient gangrene of the third toe 
was halted by a functioning 36 cm. graft, 
despite the patient’s being 73 years old. 
Unfortunately, he died two years later of a 
coronary occlusion, but with a functioning 
graft. This, of course, brings into the dis- 
cussion the amount of salvage one might 
expect in the older patient with widespread 
advanced arteriosclerosis. It is even con- 
ceivable that grafts should not be used in 
patients with serious physical limitations 
resulting from cardiac or cerebral sclerosis, 
but, rather, should be reserved for those 
who might make full use of their new 
freedom from 
gangrene. 


claudication or threat of 


Although excision of occluded segments 
with end-to-end insertion of grafts was ini- 


tially the standard procedure in our insti- 
tution and others, a review of results has 
shown an alarming failure rate, exceeding 
70% in some series. Our own incidence was 
about 40% in the two-year period prior to 
1955. The fact that the failure rate with the 
by-pass homograft is half this figure for 
similar cases followed a comparable period 
of time has been encouraging. If this dif- 
ferential diminishes in time, our opinion 
would naturally change. Linton* cites a 
in 20 femoral homo- 
grafts implanted by end-to-end technique 


failure rate of 50% 


and of 13% in 16 homografts using the 
end-to-side method. The follow-up period 
in the former group was up to 20 months, 
compared with 8 months in the latter, how- 
ever. Recently, De Bakey and his associates ** 
reviewed their results with 183 grafts used 
for peripheral occlusive disease. They re- 
ported 25% failures among 12 end-to-end 
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femoral grafts and 12% failures among 85 
They 
also noted a more serious outcome following 
closure of end-to-end grafts associated with 
excisional therapy, with several amputations 
required. In contrast, thrombosis of a by- 
pass graft did not make the circulation 
worse then prior to operation.**-** Kunlin, 


end-to-side femoral by-pass grafts. 


Cockett, and others have had similar success 
with the by-pass technique. On the other 
hand, Hoye and Warren '* could not detect 
a significant their 
Humphries '* has also been reluctant to ac- 


difference in cases. 
cept the by-pass as described in this paper 
as a preferable method, and has performed 
experimental studies which suggest that less 
satisfactory blood flow is achieved with the 
by-pass. Certainly, it would seem that more 
than adequate circulation is afforded through 
by-pass shunts from clinical results, as well 
as from a review 
by McCune and 
Hardin,’® Hubay et 


of experimental studies 
Blades,'® Schafer and 
al.,2° Mahorner and 


Spencer,”? Alley et al.,** and others. 


One anatomical problem which in our 
opinion makes the end-to-end insertion less 
satisfactory technically is the involvement 


of the major part of the circumference of 


the wall of a diseased peripheral artery by 


thickened intima, atheroma, and at times 
calcific plaques (Fig. 10). When such ves- 
sels are transected, only a fraction of the 
cut end is suitable for a good vascular 
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Fig. 10.—Photomicro- 
graph of _ superficial 
femoral artery involved 
with moderate arterio- 
sclerosis. The eccentric 
thickening of the intimal 
zone is quite character- 
istic. In this section, 
about 40% of the wall is 
free of serious degenera- 
tion, and would be the 
site selected for the end- 
to-side anastomosis. Ver- 
hoeff elastic stain; 
reduced to 68% of mag. 
x 10 


anastomosis, and consequently a less-than- 
perfect union results, or else intimectomy 
must be performed. With smaller arteries, 
this partial removal of diseased intima and 
atheroma adjacent to the cut end has at times 
produced flaps of intima which can be dis- 
sected by the force of reestablished arterial 
flow, and can cause thrombotic occlusion 
per se. By palpation, the surgeon can find a 
small but sufficient area on the exposed 
surface of a diseased artery which is soft, 
pliable, and relatively thin (Fig. 10). The 
selection of such an area permits the sur- 
geon optimal conditions for an anastomosis. 
Furthermore, the caliber of the vessel need 
not limit the size of the anastomosis, since 
the flared, beveled end produces an opening 
greater that of the re- 
cipient vessel. Although reexploration of 


in diameter than 


such anastomoses by me more than six 
months following implantation has revealed 
some reduction in the original elliptical open- 
ing by fibroplasia, the resultant round open- 
ing has at least matched the diameter of 
the host vessel. By contrast, many end-to- 
end anastomoses in animals and patients 
show constriction at a later date, when vis- 
ualized or reexplored. Occlusion has even 
occurred at such a site as a result of pro- 
gressive contraction. Seemingly, this effect 
is greater with the everting-mattress type of 
suture than with the simple continuous line 
or the interrupted-suture technique. 
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The preservation of collateral arteries by 
the by-pass technique is no small considera- 
tion. Since the pattern of collateral circula- 
tion reveals the greatest increases in caliber 
of arteries to be immediately proximal to 
the site of occlusion, the terminal collateral 
is most effective in maintaining the critical 
balance of circulation. The by-pass graft 
does not sacrifice such channels (Fig. 6B), 
but excision of the occluded segment does. 
In the event of graft failure, the status of 
the patient may be materially worse, at least 
for a time, if his terminal collateral has been 
destroyed by the grafting technique. Our 
clinical experience has demonstrated such 
differences, even with amputation following 
closure of an end-to-end graft in one patient. 

The application of by-pass grafts in the 
thoracic aorta has previously been reported 
by Adams **> and Sarot ** in the treatment 
of aneurysm. DeBakey’s group has had suc- 
cess with use of bifurcation aortic by-passes 
for occlusive disease, but we know of no 
previous use of a by-pass for correction of 
coarctation. It seems reasonable to consider 
the by-pass graft as one more addition to 
the armamentarium of the vascular surgeon 
for use on suitable occasions. Only time 
will tell whether the encouraging results we 
have experienced in the treatment of oc- 
clusive diseases of peripheral arteries will 
substantially confirm the by-pass method as 
Ad- 
mittedly, the follow-up period of the series 
presented here is too brief for such con- 
clusions. Nevertheless, the ease of the tech- 
nique, application to small arteries, use of a 
good portion of the arterial wall, preserva- 
tion of collateral circulation, and less dis- 
section with shorter operating time should be 
considered advantages. 

We have favored arterial homografts be- 
cause of longer past experience with them 
and because of their better adaptability to 
use in small arteries, at times across flexion 
areas. Our results with one type of curved- 
end fabric graft has been encouraging with 
short occlusions. We know of good early 
results obtained by others with the Tapp- 
Edwards braided crimped nylon tubes. By 
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contrast, poor results have been reported 
with polyvinyl formalinized (Ivalon) tubes. 
In this period of technological development, 
it is difficult to say which synthetic materials 
and constructions are best. In our opinion, 
none is as easy to implant as are homologous 
artery grafts. The development of aneurysms 
of the homografts in our one case is ad- 
mittedly disturbing. A similar experience 
has been encountered on rare occasions with 
peripheral homografts by Humphries, Szil- 
agyi, and others, but not with sufficient 
frequency to alter the over-all good results 
with tissue grafts. It is to be recalled that 
aneurysms have developed in autogenous 
vein grafts as well. It may be that when 
the characteristics of synthetic grafts more 
nearly approximate actual blood vessels, 
they will be used exclusively by choice. To 
date, accumulated clinical results have been 
better with arterial homografts in peripheral 
arteries than with synthetic materials.?7 


Summary 

Because of discouraging clinical results in 
occlusive peripheral arterial disease with 
excisional therapy and end-to-end graft re- 
placement, I have employed by-pass shunts 
of homologous artery and woven fabric in 
65 patients with occlusion of the aorta or 
peripheral arteries. In one patient, a by- 
pass graft was used in the treatment of a 
thoracic aortic aneurysm. 

Important considerations in surgical tech- 
nique are emphasized. 


Results have shown one-half the occlusion 


rate in the femoral arterial grafts with by- 


pass grafts, performed during a two-year 
period, as with end-to-end grafts. 

Complications of graft therapy are dis- 
cussed. 

Drs. Roy Clauss, Ralph Junker, and Robert 
Fardelmann, of the Veterans’ Administration 
Hospital, New York; Dr. John Castronuovo, of 
the Paterson General Hospital, Paterson, N. J., 
and Capt. Roald Grant, of the U. S. Naval Hos- 
pital, St. Albans, N. Y., gave me permission to 
include patients under their care. Dr. Shivaji 
Bhonslay prepared the homografts used in this 
series and assisted in postoperative management. 
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The microscopic section of artery was supplied by 
Dr. Nathan Lane, of the Surgical Pathology 
Laboratory of Presbyterian Hospital. 


622 West 168th St. (32). 
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DISCUSSION 


Dr. Harotp LAUFMAN, Chicago: I enjoyed very 
much hearing Dr. Deterling’s paper. His experi- 
ences agree pretty closely with ours, but I should 
like to add some of our recent observations. We 
used homografts almost exclusively for up to two 
years, in some 42 cases, until the Tapp-Edwards 
tube arrived. Now, after about three years, we 
have had about 60% 


success with homografts, 
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whereas out of approximately 20 Tapp-Edwards 
grafts that we have inserted we have only had one 
failure thus far. We are therefore adhering to the 
artificial-type prostheses now. Furthermore, in 
our work with dogs, after some three or four 
years of leaving aortic homograft segments in, we 
found that, although the dogs were given no special 
diet (with no 


cholesterol 


attempt to increase the fat or 
intake), the segments inserted were 
found to have calcific areas of degeneration. This 
indicated to us an inherent difficulty in organic 
grafts and suggested that, if we wanted to have 
long-term survivals of our grafts, we had better 
not use the homograft material, except perhaps 
in very large vessels, such as the aorta. Therefore 
our thesis at the moment is one of moving away 
from the homograft and concentrating on the arti- 
ficial prosthesis. 

Dr. JosepHus C. Luke, Montreal: In discussing 
Dr. Deterling’s paper, I should like to comment on 
our follow-up of the femoral by-pass grafts done 
over the past two and one-half years. All have had 
B. P. L.-prepared freeze-dried homografts and 
the total cases in which grafting was done is 56. 
The initial success rate, with restored pulses or 
markedly improved collateral circulation, is high 
(88%). However, as time has passed, an increasing 
number of patients return with thrombosed grafts, 
from 1 to 18 months after operation. The number 
of continuing successes is dropping and at present 
is not much better than 50%. This result is most 
discouraging to us and to the patients. 


I have had an opportunity to do repeat arteriog- 
raphy in 12 of these cases and have found further 
host-vessel occlusion in greater or less degree be- 
yond the distal anastomosis. 
in three cases in which later supracondylar amputa- 


This was also seen 


tion became necessary. Whether this further oc- 
clusion is merely a manifestation of the continuing 
arteriosclerosis, or whether it is due to abnormal 
blood currents at the distal anastomosis, is difficult 
to say. Possibly it would be better to ligate the 
host artery just proximal to the distal anastomosis 
to ensure uniform downward flow in the popliteal 
artery. 

Dr. Kerirx S. Grimson, Durham, N. C.: I rise 
to congratulate Dr. Deterling on his excellent 
results and also to make one suggestion and three 
confessions. The suggestion relates to his comment 
on reluctance to perform arteriography after by- 
pass operations. Our experimental studies indicate 
that large doses of procaine injected intra-arterially 
30 to 90 seconds before a toxic dose of a contrast 
medium prevent or minimize tissue damage in the 
kidney or the spinal cord. Perhaps this would 
lessen the risk of thrombosis of a functioning 
graft. 
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I still do sympathectomies in most patients with 
claudication caused by segmental femoral obstruc- 
tion. However, my first confession is that by-pass 
techniques have been used for those patients with 
more trouble than claudication. The second is that 
homografts and cloth tubes have now been dis- 
The 
Under difficult cir- 
cumstances, a vein graft was brought from the 
femoral artery above an obstruction to a diseased 
vessel in the popliteal space, which seemed to be 
an artery but was a vein. 


carded in favor of autogenous vein grafts. 
third is a chance observation. 


The result was an in- 
crease of oscillometric readings in the calf from 
0 to 2, and later to 5, points. Color and tempera- 
ture of the foot and toes improved, and granulation 
tissue spread over the base of a large ulcer of the 
dorsum of the foot. Except for a typical machinery 
murmur, result looked good. Subse- 
quently, during the course of skin-grafting pro- 
cedures, a severe infection developed in the foot; 
gangrene occurred, and amputation became neces- 
sary. The final 
obliterans. | 


the early 


diagnosis was  thromboangiitis 

ask Dr. Deterling 
which followed this 
arteriovenous fistula carrying arterial blood around 
a long segment of obstruction into a 
popliteal vein might justify its occasional trial in 
a more acute problem of ischemia. This would 
apply only when outflow into the popliteal artery 
is not possible, and would be considered only to 
tide over the circulation long enough for the 
development of collaterals. 

Dr. RAveH A, Derertinc Jr., New York: I wish 
to thank Dr. Laufman, Dr. Luke, and Dr. Grimson. 
Dr. Oscar Creech has been interested in the Tapp- 
Edwards braided nylon tube, and I regret he is not 
here today. He initially had a quite good success 
rate, but he has become worried about some of the 


would like to 
whether the improvement 


femoral 


cases in which late graft failures are appearing. 
I think that caution in evaluation is something that 
ought to be urged continuously, and that we should 
not have unlimited enthusiasm develop at the 
present time either for homografts or for syn- 
thetics. 


In answer to Dr. Grimson’s comments, I do 
use procaine before all arteriographic studies. Per- 
sonally, I have had poor results with autogenous 
vein by-pass grafts. In answer to the question 
about therapeutic peripheral arteriovenous fistula, 
I might say that these have been tried every two 
decades since 1902 and the initial encouraging cir- 
culatory response is not lasting. In fact, late re- 
sults were often deleterious locally, as well as 
systemically. I doubt that A-V fistulas would 
behave any better now than they did at the turn 
of the century. 
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In recent years increasing interest has 
been devoted to the direct surgical treat- 
ment of various forms of aortic and arterial 
general, three 
therapy have been developed, namely, ex- 


disease. In principles of 
cision with restoration of normal continuity, 
the by-pass procedure, and thromboendarter- 
ectomy. The indications for each of these 
procedures is dependent upon the nature and 
extent of the disease. Although the value 
and efficacy of these methods of therapy 
have well established, 
remain certain problems in their practical 
application. 
larly with the first two methods, in which a 
vascular replacement is required. The sig- 


now become there 


These are concerned particu- 


nificance of this problem is well illustrated 
by our own experience. Thus, during the 
six-year period since the adoption of these 
methods of therapy we have employed some 
form of vascular replacement in approxi- 
mately 1000 cases. In the great majority of 
these, more than three-fourths of the cases, 
homografts have been employed for this 
purpose. Both technically and functionally 
they have provided highly gratifying re- 
sults.** Some of these have been studied 
grossly and histologically as long as three 
years postoperatively, and little significant 
structural change has occurred during this 
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and Administration 


time. Thus, the homograft has been gener- 
ally considered to be the most satisfactory 
available arterial substitute. 

The 
homografts is the inconvenience associated 


primary disadvantage of arterial 
with their procurement and preparation. The 
technical and legal factors involved in the 
procurement, preparation, and preservation 
are such that homografts are not available 
in sufficient quantity to meet the needs in 
many communities. Moreover, with exten- 
sion of the life span of the general popula- 
tion, there will be an increasing demand 
for vascular replacements. Heterografts de- 
rived from the sheep, cow, pig, and horse, 
and preserved by conventional methods, have 
been studied experimentally ** and employed 
clinically, but have been found to be un- 
satisfactory, owing to their rapid deteriora- 
their tendency to aneurysm 
The obvious this 
problem lies in development of an ideal 
synthetic replacement for this purpose. Ac- 
cordingly, we, like others actively interested 
in this problem, have been concerned with 
development and application of suitable syn- 
thetic During the past three 
years we have replaced 317 segments of the 
aorta and peripheral arteries with one of six 
synthetic materials. This report is con- 
cerned with analysis of this experience. 


tion and 


formation. solution to 


substitutes. 


Material and Method 


The synthetic materials used in these cases 
were lIvalon (polyvinyl formalinized) 
sponge, Orlon fabric, Orlon knit, nylon- 
Dacron knit, Edwards-Tapp tube, and Da- 
cron knit (Table 1). Since the essential 
features of most of these materials have 
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TasLe 1.—Distribution of Cases of Synthetic Tube Replacement According to 
Location and Type of Lesion 








Location and Type of Lesion 





Thoracic Aorta 


Abdominal Aorta | Peripheral Arteries Total 





Aneurysm Occlusive 


Ivalon 

Orlon fabric (taffeta) 
Orlon knit 
Nylon-dacron knit 
Edwards-Tapp 
Dacron knit 


Total 


Aneurysm Occlusive Aneurysm 


Disease 


Occlusive 
Disease 


5 
0 
2 


bobo to 


an 


0 
105 
2 


le 


114 


5 





been presented elsewhere,!'* only those not 
included in these reports, as well as those 
that have been adapted for our own pur- 
poses, will be described in detail. 
Ivalon.—Prosthetic tubes of compressed 
Ivalon sponge for replacing segments of the 
aorta and peripheral arteries were made in 
our laboratory. A loaf of the sponge was 
soaked in warm water for 48 hours and 
dried in an x-ray film drier for 24 hours. 
The dried sponge was sliced into sheets 
approximately 2 mm. in thickness, and these 
were cut into strips 2.5 wide. These 
strips were then soaked in warm water and 
wrapped on the appropriate mold. The 
sponge was held in place around the mold 
with a wrapping of gauze bandage, and it 
was then placed in the regular operating- 
room autoclave. After 20 minutes, the 
sterilizer was allowed to cool without ex- 
hausting the steam. A combination of heat, 
mwisture, and pressure exerted by the gauze 
produced a compressed tube that could be 


cm. 


Fig. 1—Photograph taken at operation showing 
a bifurcated tube made of compressed Ivalon 
sponge replacing the distal aorta and proximal 
segments of the common iliac arteries. 


withdrawn from the mold without altering 
its shape. With use of glass molds, tubes 
could be made for replacement of any de- 
sired segment of the major arterial system. 
Ivalon tubes constructed in this manner were 
employed in 20 cases for the treatment of 
aneurysms and occlusive lesions of the aorta 
(Fig. 1) and peripheral arteries (Table 1). 

Orlon Fabric—To make these tubes, Or- 
lon cloth was cut and sewed on the sewing 
machine according to the desired pattern. 
The tubes were then drawn over a mandrel 
and coated with vinyl plastic in order to 
ensure maintenance of shape and prevention 
of excessive leakage through the interstices 
of the cloth. To sterilize the tubes, they 
were soaked in an aqueous solution of ben- 
zalkonium (Zephiran) chloride. These bi- 
furcated tubes were employed in 13 cases 
to replace excised segments of the abdominal 
aorta for aneurysms and occlusive lesions 
(Table 1 and Fig. 2). 


Fig. 2—Photograph taken at operation showing 
a tube made of Orlon taffeta dipped in vinyl 
plastic replacing the distal aorta and common 
iliac arteries. 


Vol. 76, Feb., 1958 











SYNTHETIC ARTERIAL SUBSTITUTES 





Fig. 
nylon-Dacron knitted 
aorta and common iliac arteries, 


3.—Photograph at operation 
tube 


showing a 
replacing the distal 


Orlon Knit.—Seamless bifurcated knitted 
Orlon tubes * were used to replace segments 
of the distal aorta and common iliac arteries 
in 14 patients, 12 of whom had aneurysms 
and 2 arteriosclerotic occlusive lesions of the 
distal aorta and iliac arteries. This material 
was also used to by-pass peripheral arterio- 
sclerotic occlusive lesions occurring in the 
external iliac artery of one patient and the 
superficial femoral artery of another (Table 
1). 

Nylon-Dacron Knit.—The essential fea- 
tures and construction of bifurcated tubes 
made of knitted nylon-Dacron } suitable for 
replacement of the aorta and common iliac 
arteries have been described by Sanger and 
associates.'* Lesions of the thoracic aorta 
were replaced with segments of this tube in 
12 patients. The distal aorta and segments 
of the common iliac arteries were replaced 
with this material in 32 patients, 2 of whom 
had occlusive lesions and 30 aneurysms 
(Table 1 and Fig. 3). 

Edwards-Tapp Tube.—The crimped wo- 
ven, chemically treated nylon tubes devel- 
oped by Edwards and Tapp,™ secured from 
the local dealer, were used to restore circula- 
tion in the surgical reconstruction of 215 
lesions of the aorta and peripheral arteries 
(Table 1). Bifurcated tubes of this type 
were employed in the treatment of aneu- 


* Made available through the courtesy of Dr. 
Paul Sanger, Charlotte, N. C. 

+ Made available through the courtesy of Dr. 
Paul Sanger, Charlotte, N. C. 
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showing a 


operation 
crimped woven nylon tube replacing the distal 
aorta and common iliac arteries. 


Fig. 4.—Photograph at 


rysms and occlusive lesions of the abdominal 
aorta in 104 cases and of the innominate 
artery of one patient (Fig. 4). Occlusive 
lesions in the thoracic aorta of 3 patients, 
the iliac arteries of 12 patients, and the 
femoral arteries of 92 patients were either 
replaced or by-passed with long straight 
tubes made of this substitute (Fig 5). 
Similar tubes were also used to replace two 
aneurysms of the femoral artery and one 
occurring in the popliteal artery. 

Dacron Knit.—Knitted tubes of 490- 
denier Dacron were recently devised by us 
in cooperation with the Philadelphia Textile 
Institute. This tube is made flexible by 
proper crimping and application of heat over 
a mandrel at 200 C for 10 minutes. Tubes 
made of this material have been employed 
in nine patients; one had an aneurysm of 


Fig. 5.—Photograph at operation showing the 
distal anastomosis of a crimped woven nylon tube 
with the popliteal artery by-passing an occlusion 
of the superficial femoral artery. The desired 


flexibility for this technique is well demonstrated. 
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Fig. 6.—Photograph at operation showing a new 
flexible knitted Dacron tube replacing the distal 
aorta and common iliac arteries. 


the thoracic aorta; five, aneurysms of the 
abdominal (Fig. 6), and one, an 
aneurysm of the popliteal artery (Table 1). 
Arteriosclerotic the 
superficial femoral artery were by-passed in 
two patients with use of this synthetic 
material (Figs. 7 and 8). 


aorta 


occlusive lesions of 


Technique of Application 


To reduce porosity of the tubes, all sub- 
stitutes except those made of ivalon or 
Orlon fabric were preclotted in the patient’s 
blood prior to insertion. The fibers at the 
ends of the Edwards-Tapp tubes were fused 
with a cautery to minimize fraying. This 
was not a problem with the other materials; 
consequently, the other tubes were cut and 
beveled with scissors. Bleeding around the 
sutures and through the fabrics after inser- 
tion, and immediately after restoration of 
circulation, was controlled by application of 
pressure with gauze packs. Aneurysms, re- 
gardless of their location, were removed and 
replaced in all instances. Occlusive lesions 
of the aorta were treated by a variety of 
techniques. In some patients they were com- 
pletely excised and replaced; in others they 
were treated by both replacement and by- 
pass, and in the remainder they were by- 
passed. In all occlusive lesions limited to 
the iliac or superficial femoral arteries an 
end-to-side by-pass technique was employed. 
These synthetic substitutes were inserted ac- 
cording to the techniques for insertion of 
homografts previously described, whereby 
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Fig. showing a new 


7.—Photograph 
flexible, nonfraying knitted Dacron tube suitable 
for lesions of the peripheral arteries. 


long, 


the anastomosis is accomplished by use of a 
simple continuous over-and-over, through- 
and-through suture which approximates host 
tissue and replacement.?:*)7,%. 


Results 


The results of application of synthetic 
substitutes in this series of patients varied 
according to the material used and the site 
in which consequently, 
will be considered 


it was inserted; 
each of these factors 
separately (Tables 2-4). 

Aorta.—The early functional results of 
all replacement grafts used in the thoracic 
aorta of patients who survived operation 
were satisfactory, and results are still good 
at this writing. The immediate results in 
the use of these substances in replacing 
lesions involving the abdominal aorta and 


Fig. 8.—Photograph at operation showing the 
distal anastomosis between the new flexible knitted 
Dacron tube and the popliteal artery. The tube 
was used in this case to by-pass an occlusion of 
the superficial femoral artery. 
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TABLE 2.—Results* of Synthetic Replacement for Lesions of the Abdominal Aorta 











Aneurysm Occlusive Disease Total 

Replacement Successful Results Successful Results Successiul Results 

No. ——_—_—_——— _- No. -—————_———— No ———_ 

Cases No. Per Cent Cases No. Per Cent Cases No. Per Cent 
Ivalon 7 5 71 0 0 0 7 5 71 
Orlon fabric (taffeta) ll 10 90 2 1 50 13 ll 85 
Orlon knit 12 12 100 2 2 100 4 4 100 
Nylon-dacron knit 30 30 100 2 2 100 32 32 100 
Edwards-Tapp 70 69 98 34 33 97 104 102 98 
Dacron knit 5 5 100 0 0 0 5 5 100 
Total 135 131 97 40 38 95 175 169 96 





* Total results (early and late) up to three years after operation. 


the common iliac arteries were also good in 
all cases but one, in which circulation was 
not restored in the left iliac artery after 
replacement of an occlusive lesion of the 
distal aorta with an Orlon taffeta tube (Table 
2). 


lation occurred in 5 of the 175 patients in 


Subsequent failure to maintain circu- 
whom these substitutes had been inserted 
for lesions of the abdominal aorta and iliac 
arteries. Two of these late failures were in 
patients in whom the Edwards-Tapp tube 
had been used. False aneurysms developed 
at the suture line four and six weeks, re- 
spectively, after operation. Eventual re- 
moval of the tube was required in one 
patient, and the extremity had to be am- 
putated. One of the thirteen patients in 
whom an Orlon taffeta tube had been in- 
serted at this level died approximately six 
months after operation of hemorrhage as- 
sociated with erosion into the duodenum. 
Late failure occurred in two of the seven 
patients in whom Ivalon tubes had been 
inserted in the abdominal aorta and common 
iliac arteries. One of these failures occurred 
six months after operation and was due to 
kinking of the iliac limbs of the tube that 
occurred after wound closure and healing. 


Failure in the other patient was due to 
infection that became apparent three weeks 
after operation. 

Peripheral Arteries.—The of 
safety in restoring circulation by any method 


margin 


is smaller in operations on small arteries 
than in those on larger vessels, such as the 
aorta. Greater technical precision is re- 
quired, and the lumen of the vascular sub- 
stitute must fit more precisely that of the 
host vessel. The end-to-side by-pass tech- 
nique of inserting these substitutes in the 
treatment of peripheral occlusive lesions has 
been generally found to be the most satis- 
factory method of operation. In order to 
apply this technique successfully and to 
permit motion across articular spaces, a 
certain degree of flexibility of the substitute 
is necessary. A number of inflexible substi- 
tutes were used in vessels of this size in 
experimental animals with the by-pass tech- 
nique. As the results were generally poor, 
only seven such replacements (five Ivalon 
and 2 Orlon knit tubes) were employed 
clinically (Table 1). Six of these tubes 
(five Ivalon and one Orlon knit) were used 
to by-pass occlusive lesions of the femoral 
artery, but as a result of early thrombosis 


= 


TABLE 3.—Results * of Synthetic Replacement for Lesions of the Peripheral Arteries 




















Aneurysm Occlusive Disease Total 
Replacement Successful Results Successful Results Successful Results 
No. No. ~——————_— No. 

Cases No. Per Cent Cases No. Per Cent Cases No. Per Cent 
Ivalon 0 0 0 5 0 0 5 0 ti) 
Orion knit 0 0 0 2 1 5 2 1 5D 
Edwards-Tapp 3 3 100 105 92 87 108 95 88 
Dacron knit 1 1 100 2 2 100 3 3 100 
Total 4 4 100 114 95 83 118 99 o4 





* Total results up to one year after operation. 
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TaBLe 4.—Analysis of Failures of Synthetic Replacement of Peripheral Arteries 
in 118 Patients * 








Failure 


Cause 





No. 
Cases 


Replacement 
Number 


Edwards-Tapp 
Ivalon 5 
Orlon knit 1 
Dacron knit 3 0 


Total 118 


13 


108 
5 
2 


19 


Per Cent 


Physical 
Limitation 
of Substitute 


Patient's Infection 


Disease 


Technique 


12 
100 
50 
0 
16 





* Total failures (early and late) up to one year after operation. 


circulation was not maintained in any of 
these cases (Table 3). Sterile abscesses re- 
quiring removal of the tube also developed 
around the Ivalon tubes in three patients, 
and in one patient the distal anastomosis 
(popliteal) pulled apart four weeks after 
operation. Circulation successfully 
restored by insertion of an inflexible Orlon 
knitted tube that by-passed an occlusive le- 
sion of the iliac artery of one patient. 

The Edwards-Tapp and the recently de- 
signed Dacron knitted tubes are flexible and 
available in varying lengths and dimensions. 
Because of these desirable characteristics 
and their obvious applicability, proved by 
trial in the laboratory, these tubes were con- 
sidered suitable for clinical application. 
During the past year the Edwards-Tapp 
tube has been used as replacement following 
excision of aneurysms in 3 cases and to 
by-pass occlusive lesions in the peripheral 
arteries in 105 cases—1 in the innominate, 
12 in the iliac, and 92 in the superficial 
femoral arteries (Table 1). The criteria for 
selection of patients and the technique of 
insertion of these substitutes were identical 
with those used for homografts.2 There 
were 13 failures in this group (Table 4). 
Of the 12 patients in whom this tube was 
inserted to by-pass iliac occlusions, 1 died of 
a severe wound infection (synergistic bac- 
terial gangrene); however, a pulsatile cir- 
culation was restored beyond the occlusion 
in 10 patients. The tube, which extended 
from the left common iliac artery to the 
right popliteal artery, by-passing a right ilio- 
femoral occlusion, became occluded in one 
patient six months after operation. Explor- 
ation of the popliteal artery in this case 


was 
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revealed that late failure had been due to 
progression of the atherosclerotic process 
occurring in this segment. Of the 92 patients 
in whom Edwards-Tapp tubes had been 
inserted to by-pass lesions of the femoral 
arteries, 1 died of pulmonary embolism, 
and a distal pulsatile circulation was im- 
mediately restored in 86 patients (93%). 
Failure of restoration of circulation in six 
patients was due to infection, in one, and 
to an inadequate distal patent segment, in 
five (Table 4). The unfavorable nature of 
the distal segment was suspected before 
operation in these cases. Operation was per- 
formed in an attempt to relieve the severe 
ischemic changes present in the involved 
extremities, since occasional successful res- 
toration of circulation had been accomplished 
by this technique in such cases. A distal 
pulsatile circulation has been maintained up 
to one year in 82 of the 86 patients (95%). 
Failure of maintenance of circulation oc- 
curred in four patients after they left the 
hospital. This was due to thrombosis in 
three patients (one from infection, one from 
extension of atherosclerotic process in the 
popliteal artery, and one from an unknown 
cause). Failure in the fourth resulted from 
wound infection and hemorrhage one month 
after operation. Circulation was successfully 
restored and maintained in the three patients 
in whom peripheral aneurysms were excised 
and replaced by this material. 

The recently designed flexible Dacron 
knitted tube has been used in two patients 
to by-pass occlusive lesions in the femoral 
artery and in one to replace a popliteal 
aneurysm, with successful restoration of cir- 
culation in both. 
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Comment 


The functional results in this series of 
cases, with the exception of those in which 
Ivalon and Orlon fabric were used, ap- 
proximate those obtained with homografts 
and suggest that homografts could be satis- 
factorily supplanted by these materials 
(Table 2). However, certain functional and 
technical disadvantages still must be over- 
come if these substitutes are to be equally 
as acceptable as homografts. In the first 
place, the amount of blood lost at the time 
of operation when these materials were 
employed was frequently more than twice 
that lost when homografts were used. This 
may be a significant factor in the occurrence 
of a higher morbidity and mortality follow- 
ing use of synthetic materials than following 
use of homografts. Thus, wound infection 
was not a problem in the 150 patients with 
peripheral lesions treated by homografts, 
whereas of 118 patients in whom synthetic 
inserted peripheral 
lesions, suppurating wound infection oc- 
curred in 4. The mortality rate in 70 patients 
having aneurysms of the abdominal aorta 
replaced with bifurcated Edwards-Tapp 
tubes was 10%. In view of the age of these 
patients and the incidence of heart disease, 
hypertension, and rupture of the aneurysm, 
this mortality figure is acceptable. However, 
in the last consecutive 70 patients with ab- 
dominal aortic aneurysms in whom homo- 


materials were for 


grafts were inserted there were no deaths. 
This discrepancy in mortality rates may be 
more apparent than real, although the in- 
creased incidence of wound infection and the 
higher mortality rate in these patients tend 
to emphasize the undesirability of the ex- 
cessive hemorrhage associated with their use. 

Synthetic vascular substitutes have another 
disadvantage. Certain physical characteris- 
tics limit their adaptability to specific prob- 
lems and make their insertion more difficult. 
The undesirable physical characteristics of 
the substitutes used in the present study 
varied. Unfortunately, no one synthetic ma- 
terial possessed all desirable characteristics 
of a satisfactory substitute, although some 
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Fig. 9—Photograph at operation showing a 
crimped woven nylon tube replacing the distal aorta 
and common iliac arteries and a small bifurcated 
iliac artery homograft replacing the bifurcation of 
the right common iliac artery. 


were more suitable than others. The high 
degree of success obtained in this series 
of patients was due to the early recognition 
of the limitations posed by a particular sub- 
stitute and the fact that it was used only 
The lack of 


accessory branches for use in replacing seg- 


under those circumstances. 
ments of the aorta or common iliac arteries 
from which essential major branches orig- 
inate was a limiting factor in the use of all 
prosthetic material. Although this need is 
relatively uncommon, such branches have 
required replacement in more than 30 pa- 
tients in our experience (Fig. 9). In order 
to discuss the individual limitations of the 
substitutes employed in these cases, they will 
be considered separately or in groups as 
indicated. 

Orlon Fabric (Tafteta).—The tubes made 
of Orlon taffeta and coated with vinyl 
plastic are semirigid, a characteristic that 
technical difficulties of insertion 
and renders the tube unadaptable to prob- 
lems requiring even minimal flexibility. Be- 
cause of this and the disadvantages common 
to all substitutes, these tubes are no longer 
recommended. 


increases 


Ivalon.—Properly constructed __Ivalon 


tubes possess enough flexibility to provide 
reasonable ease of insertion, but not enough 
to permit general use if considerable flexi- 
bility is required. Thrombosis of the tube 
occurred six months after operation in one 
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patient in whom an excised aneurysm of the 
distal aorta and proximal segments of the 
common iliac arteries had been replaced with 
this material, although the requirements of 
satisfactory replacement seemed apparent at 
the time of operation. The graft was unsuc- 
cessful because of kinking of the iliac limbs 
of the tube; and review of the case after the 
second operation indicated that the tube was 
not kinked prior to closure of the wound, 
but, because of the relative inflexibility of 
the material and the irregularity of the 
aneurysmal bed, kinking occurred with 
closure, organization, and healing of the 
wound. The relative inflexibility of this 
material appeared to be partially responsible 
for its failure in operations on small ar- 
teries. 

The occurrence of sterile abscesses along 
the course of three of these tubes several 
weeks after they had been inserted and had 
become obstructed by thrombosis makes us 
question the purity of the material used. The 
material originally contained formalin; how- 
ever, a reasonable effort was made to wash 
out the formalin, and if it was unsuccessful, 
this failure must be regarded as a disad- 
vantage of the material. Although aneurysms 
have not developed in these cases, we have 
observed tubes 
One of these occurred 
in a bifurcated tube used to replace the 
distal aorta and proximal segments of the 


aneurysms in two Ivalon 


inserted elsewhere. 


common iliac arteries. Aneurysm developed 


in the distal end of an aortofemoral by-pass 
Ivalon tube six months after operation in 
the other patient. Although our total experi- 
ence with Ivalon tubes was limited to 20 
cases, the relatively high failure rate, 35%, 
in this series of cases, along with its other 
disadvantages, led us to abandon its use. 


Orlon Knit and Nylon-Dacron Knit.— 
These materials were employed primarily to 
replace localized segments of the aorta and 
common iliac arteries in instances in which 
flexibility was not a special requirement of 
the substitute. Restoration of circulation has 
been maintained in all instances. The results 
from use of similarly constructed smaller 
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tubes in the laboratory were generally poor: 
consequently, the smaller tubes were inserted 
in only two patients by the end-to-side 
by-pass technique. In one of these circula- 
tion was not restored, and this failure ap- 
peared to be due to rigidity of the tube. 
The physical characteristics of this ma- 
terial are such that its technical insertion is 
as easy as that of homografts. The ends of 
the tube cut or beveled without 
fraying, despite considerable tension during 


can be 


performance of the anastomosis. The tubes 
are soft and collapsible; and since the edges 
can be rolled back, either row of the anasto- 
mosis can be performed unhindered. The 
resistance to passage of sutures exerted by 
this material is essentially the same as that 
of homografts. Bleeding through the inter- 
stices of this fabric is perhaps greater than 
through those of the other materials, despite 
preclotting in the patient’s blood. In our 
cases considerable care was required, with 
intermittent removal and reapplication of 
the controlling clamps, until sufficient hemo- 
stasis had occurred. Within these limitations, 
Orlon knit and nylon-Dacron knit are con- 
sidered to be satisfactory aortic substitutes. 

Edwards-Tapp Tube.—The chemically 
treated nylon tube has several advantages 
over most of the materials used in these 
cases. In the first place, it is commercially 
available in unlimited supply, and, although 
the tube designed for replacing the distal 
aorta and common iliac arteries is available 
in only one size, the longer, straight tubes 
are available in several sizes, so that there 
is a reasonable degree of selectivity. A 
second desirable feature of this substitute is 
its flexibility, which permits a wide range 
of adaptability in regard both to the nature 
of the lesion and to its location. 

In addition to excessive loss of blood at 
operation and lack of accessory branches, 
this tube has several relatively minor dis- 
advantages. Cauterizing does not entirely 
prevent fraying, and, of course, the fire and 
explosive hazard associated with use of this 
technique is an obvious disadvantage. The 
aortic segment of the bifurcated tube is fre- 
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quently smaller than the aorta of patients 
with aneurysm. Because of the inconvenient 
uniformity of size and the rigidity of this 
segment of the tube, insertion is occasionally 
difficult to accomplish, particularly in the 
obese patient. This material has been gen- 
erally satisfactory, however, and with con- 
tinued improvement many of these objections 
can be overcome. 

Dacron Knit.--The objective in the de- 
velopment of the Dacron knitted tube was 
to incorporate into the replacement the de- 
sirable characteristics of all other available 
substitutes. Being basically a knitted fabric, 
it has all the desirable technical characteris- 
tics of the Orlon and nylon-Dacron knitted 
tubes, and, by incorporation of flexibility 
and accessory branches into tubes of various 
shapes and sizes, a complete range of 
adaptability may be obtained. Preliminary re- 
sults from its application, both in the labora- 
tory and clinically, indicate that this may 
meet the ideal requirements. 


Summary 


Arterial homografts have been generally 
accepted as the most satisfactory arterial 
substitute, their primary disadvantages be- 
ing unavailability and inconvenience of 
preparation. Efforts solving the 
problem of graft procurement have conse- 
quently been directed more and more toward 
development of a suitable synthetic replace- 
ment. 


toward 


This report is concerned with observa- 
tions derived from an analysis of a three- 
year experience with tubes made of Ivalon 
(polyvinyl formalinized) sponge, Orlon 
taffeta, knitted nylon-Dacron, knitted Orlon, 
crimped woven nylon, and knitted Dacron 
used to replace or by-pass aortic and periph- 
eral arterial lesions in 317 patients. 

Functional results of all replacements 
used in the thoracic aorta of patients who 
[m- 


survived operation were satisfactory. 


mediate results in lesions involving the 
abdominal aorta and common iliac arteries 
were also good in all cases but one, but late 


failures occurred in five patients. 


( “rawford et al. 


Early failure occurred in the five patients 
in whom Ivalon tubes were used to by-pass 
peripheral occlusions. Circulation was re- 
stored in only one of the two patients in 
whom inflexible Orlon knitted tubes were 
used to by-pass peripheral occlusions, but 
was restored in all three patients in whom 
peripheral aneurysms were replaced by the 
Edwards-Tapp tube and in 92 of 105 pa- 
tients in whom occlusive lesions were by- 
passed. The recently designed flexible 
Dacron knitted tube was used successfully 
in two patients to by-pass occlusive lesions 
in the femoral artery and in one to replace 
a popliteal aneurysm. 

Although the functional results in this 
series of cases have been generally good, 
certain disadvantages still must be over- 
come in creating an ideal arterial replace- 
ment. The porosity of synthetic materials 
causes excessive blood loss, and the lack of 
accessory branches for replacing segments 
from which essential major branches origi- 
nate has been a limiting factor in some 
cases. Tubes made of Orlon taffeta coated 
with vinyl plastic are difficult to insert and 
unadaptable to problems requiring even 
minimal flexibility. Ivalon tubes, though 
more flexible, are still too rigid for general 
use and in our series produced a relatively 
high failure rate of 35%. Orlon knitted 
and nylon-Dacron knitted tubes, when used 
to replace localized segments not requiring 
flexibility, restored and maintained circula- 
tion in all instances, and, within the limita- 
tion of their semirigidity, are satisfactory 
substitutes. The Edwards-Tapp tube is 
both flexible and adaptable, although its 
ends fray and insertion is sometimes diffi- 
cult. 

The recently devised knitted Dacron tube 
incorporates the desirable characteristics of 
all other available substitutes, and with the 
addition of accessory branches a complete 
adaptability obtained. 
Preliminary results of its application, ex- 
perimentally and clinically, indicate that it 
is the best substitute yet developed. 


range of may be 
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Addendum 


Since this paper was presented, the new 
flexible knitted Dacron tube has been used 
exclusively as a vascular replacement in our 
experience with the last 237 cases. The 
results of this experience may be briefly 
summarized in the following analysis : 


Thoracic aorta 
Aneurysms 
Coarctation 

Abdominal aorta 
Aneurysms 84 cases with 3 deaths 
Occlusive disease 33 cases with 1 death 

Peripheral arteries 
Aneurysms 


3 cases with 6 deaths 
cases with no deaths 


cases with 1 death 
cases with no deaths 


15 
75 


Occlusive disease 


There were no “graft failures’ or com- 
plications attributable to the use of the graft. 
Normal circulation was restored in all the 
patients with aortic lesions and with periph- 
eral arterial aneurysms who survived opera- 
tion and in 95% of those with occlusive 
disease of the peripheral arteries. This ex- 
perience involves application of the knitted 
Dacron tube to virtually all segments of the 
aorta and peripheral arteries, including those 
requiring multiple branches, such as_ the 
aortic arch and upper abdominal aorta. On 
the basis of this highly gratifying experience 
along with the technical facility of its appli- 
cation, we believe this knitted flexible Da- 
cron tube is the most satisfactory available 
vascular replacement. 
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Replacement Arterial Grafts 


GERALD H. PRATT, M.D., New York 


From 1931 to 1935, with the assistance 
of Dr. W. W. Babcock of Philadelphia, four 
patients with aneurysms were treated by ex- 
cision and end-to-end vein grafts. From 
1935 to 1942 four additional aneurysms, in- 
cluding two of the carotid artery, were 
treated by excision and vein grafts. After 
the war, from 1945 to 1952, five additional 
end-to-end vein grafts were placed, three for 
aneurysm and two for traumatic injury to 
the arteries. Whether these continued func- 
tioning indefinitely or not, the circulation 
distally was not lost. These end-to-end 
grafts are mentioned only as background.’ 

In 1952 the work of Leriche and Kun- 
lin,*:* utilizing end-to-side grafts to bridge 
areas of occlusive arterial disease, was ob- 
served in Paris, and immediately thereafter 
my colleagues and I began the same type 
of operation in our clinic. From 1952 to 
1954 a total of 26 end-to-side autogenous 
vein grafts were inserted for aneurysmal 
or occlusive lesions. Two limbs were lost 
in this group.*, Homografts were used in- 
stead of veins thereafter, and these and 
prosthetic grafts have since been placed in 
46 patients. This report is of 76 blood 
vessel replacements by graft in our clinic 
from 1952 to 1957. 


Experimental Grafts 


After resecting the aortas of 124 dogs, 
grafts were inserted; 90 of these dogs sur- 
vived for at least 10 days. These grafts 
were of the autogenous, homologous, and 
prosthetic types. 
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1. Autogenous Grafts—A. Skin as a 
Graft: 


structed by making tubes of full- and split- 


Blood Sixteen grafts were con- 
thickness skin. Although one dog lived 52 
days, all of these grafts became thrombosed 
or dilated or sloughed, with rupture. 

B. Bowel as a Vessel Graft: In 14 dogs 
a loop of bowel was by-passed and isolated 
together with its mesentery. This bowel was 
folded on itself so that it had a serosal inner 
and outer lining. All of these grafts in our 
laboratory failed, as a result of hemorrhage 
or slough. 
Sheath 
Fascia: This graft is promising and is under 


C.  Peritoneum-Lined  Rectus 


study at this time, and is not included in our 
figures. 


Fig. 1—Slough of skin 10 days after it was 
used as abdominal aortic graft. 





2. Homografts.—These grafts, using the 


aorta of another dog, were invariably suc- 
cessful in the 12 dogs which survived the 
operation. 

3. Prosthetics.—<A. ( Polyvinyl 
Formalinized) Sponge: This substance was 
prepared over a glass tube and used as a 
graft in 18 dogs. Seven dogs survived, the 
cause of failure being thrombosis. In three 
dogs which lived over six months, the aorta 
had become thrombosed, although the circu- 
lation to the leg and tail was not lost. Thus 
only 4 (or 22%) had successful grafts. 

B. Other Plastics: 
and various types of nylon then were tried 


Ivalon 


Vinyon N, Dacron, 


as grafts, with 50% success in 16 dogs. 

C. Chemstrand: Crimped nylon of the 
Tapp-Edwards types was used as a graft 
in 27 dogs. This graft expands and extends 
with the systolic thrust of the heart beat. 
This permits the prosthetic vessel to absorb 
the trauma of the beat, unlike a tube which 
cannot dilate or extend with the rhythmic 
force of the heart beat. We had 81% suc- 
in the 21 dogs which survived the 
operation. 


cess 


Clinical Experience 


In our early clinical work, the judgment 
used in selecting patients for the graft op- 
eration, especially in the aortic cases, left 
much to be desired. We often operated on 
hopeless patients. This fact was reflected 
in our mortality in the aortic patient. Our 
recognition of the necessity for restricted 
selection shows in the small number of pa- 
tients with aortic occlusion disease who have 
had by-pass grafts. We have definite con- 
traindications to the performance of graft 
surgery, and these are listed in what we 
believe is the order of their importance as 
contraindications. We believe these points 
need constant and repetitious emphasis. 

Contraindications.—Local: Several local 
factors contraindicate grafting. 

1. Poor blood flow from the proximal 
artery 

2. Inadequate distal vessels to carry away 
the blood to be supplied by the grafts 
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3. Obstruction to the vessel distal to the 
site at which the placing of a graft is con- 
templated 

4. Proximal or distal blood vessel of 
such friable nature or so small as to be 
technically impossible to use in anastomosis 

5. Open or gangrenous lesions of the 
extremity 

General: These general contraindications 
must be subject to individual judgment. 

1. Old age, both chronological and ac 
cording to the extent of artery disease 

2. Advanced renal disease 

3. Severe cardiac disease, particularly 
aortic valvular lesions 

In the selection of patients, we pay par- 
ticular attention to the stage and the type 
of the disease. Patients with aneurysms are 
not refused operation. In the patients with 
occlusive arterial disease, aortograms and 
arteriograms are performed routinely. These 
often indicate which patients will do well 
with a graft. 

Number of Grafts.—In the last five years, 
136 patients who could be followed have 
been operated on at our clinic in the hope 
of replacing the aorta or the iliac, femoral, 
or popliteal arteries. In this group 72 grafts 
were placed; thus, 60% of the patients oper- 
ated on had grafts. Of the 64 who did not 


Fig. 2.—Abdominal aortic graft. 
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REPLACEMENT ARTERIAL GRAFTS 


Fig. 3—Long graft from femoral to popliteal 
artery. 


have grafts, intimectomies were done in 40, 
and exploratory arteriotomies and _periar- 
terial sympathectomies were done in another 
16. Eight aneurysms were considered non- 
resectable because of general or local con- 
these 
intra-aneurysmal wiring and wrapping with 


ditions, and were treated by 
steel-wire mesh. We consider this procedure 
still a good operation, and one that will 
prolong life in selected patients. 

Types of Grafts. 
man operations 26 vein grafts, 33 prosthet- 

No 
1954. 


Prosthetics have been used lately more fre- 


In this series of hu- 
ics, and 17 homografts were placed. 
vein grafts have been used since 
quently than homografts, this change occur- 
ring because both of the increased difficulty 
in obtaining homografts and of the im- 
proved technique in making prosthetics. In 


the aortic- and iliac-graft patients hypother- 


mia was used as the anesthetic agent. 


Results 
1. Deaths—There were no deaths with 
the femoral grafts, one death with the iliac 
deaths with the 
for the femoral 


four 


O% 


replacements, and 
aortic resection, or 


Pratt 


grafts, 5% for the iliac, and 31% for the 
aortic. 

2. Amputations.—There were two ampu- 
tations in the early vein grafts in the fem- 
oral area but none with homografts or 


There 


after aortic grafts (homografts) and one 


prosthetics. were no amputations 


after an iliac (prosthetic) graft. 


Comment 


Only two of the vein grafts are known 
to be open and functioning after three years. 
In 24 cases, however, they served at least 
as a temporary bridge. One of the early 
vein grafts was reoperated on three years 
later, and the vein was found to be a string- 
like the 
placed in a femoral area sloughed out on 
This 


end-to-side graft, and no bleeding occurred. 


substance. One of homografts 


the 19th postoperative day. was an 

The degree of success or failure of the 
graft often cannot be determined. Failure 
is obvious if the patient loses his life or 
limb. Success is certain if the major pulses 
return. If the results are considered suc- 
cessful only if the pulses return, they would 
(66%), 10 iliac 


be excellent in 6 aortic 


Fig. 4.—Crimped nylon graft replacing aortic 
bifurcation; complete return of all pulses. 





(52%), and 22 femoral (50%) grafts so 
classified. In a significant number, however, 


the major distal pulses do not return, but 


the patient is clinically greatly benefited. 


On the basis of these findings, the results 
of our grafts could be described as success- 
ful in 8 of 13 aortic grafts (66%), 17 of 19 
iliac grafts (89%), and 40 of 44 femoral 
grafts (90%). 

We believe that every series of grafts 
should be analyzed and reported, since the 
dramatic successes reported in the literature 
encourage heroic, and often hopeless, sur- 
gical efforts by surgeons unskilled in this 
field. 

The decision to insert a graft must de- 
pend upon a knowledge of the disease and 
its probable course in that particular pa- 
tient, and not on the mere technical ability 
to insert a graft. While the determination 
to graft may mean rehabilitation of a vas- 
cular cripple, the wrong decision may cause 
a death or loss of a limb. 


A, M. A, ARCHIVES OF SURGERY 
Thus, the responsibility for deciding to 
insert a vascular graft must be known and 
It de- 
pends upon many factors, of both a local 
and a general nature, but most of all on the 
years of experience in vascular surgery. 
In our experience, the decision is not an 
easy, or always successful, one to make. 


accepted by the vascular surgeon. 


20 FE. 68th St. 
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Use of Enzyme-Digested Heterografts as Segmental 


Arterial Substitutes 


III. Follow-Up Observations on Two- Year-Old Aortic Implants 
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EUGENE R. L. GAUGHRAN, Ph.D., and JOCELYN F. DOUGLAS, Ph.D., Highland Park, N. J. 


In a previous report,' the early results of 
implantation of enzymatically digested bo- 
vine heterografts into the abdominal aorta 
of dogs were described. Bovine arteries 
were stripped of most of their parenchyma- 
tous proteins by controlled enzyme action, 
leaving tubular prostheses composed mostly 
of collagen. These tubes were implanted 
into dogs as aortic substitutes in the hope 
that, with most of their immunologically 


the 
would be better tolerated by the host while 


reactive proteins removed, implants 
yet maintaining their effectiveness as arterial 
Short-term 


to corroborate this hypothesis, and histologi- 


substitutes. observations seem 
cal comparisons of treated and control het- 
erografts after 


markedly diminished host reaction to the 


implantation indicate a 
enzyme-digested vessel. 

In a second report,? the physical charac- 
teristics of the 
components of the arterial wall were in- 
vestigated. It was shown that collagen de- 
rived from arteries by digestion with the 
enzyme ficin is highly resistant to mechan- 
ical stress, whereas elastica purified by 
analogous techniques is a relatively weak 
substance. 


elastica and _ collagen 


In this paper we shall report on long- 


term observations made on control and 
Submitted for publication Sept. 4, 1957. 
Presented at the Fifth Scientific Meeting of the 
North American Chapter of the International So- 
ciety of Angiology, New York, June 1, 1957. 
From the Vascular Services of Middlesex 
General Hospital, St, Peters General Hospital, and 


the Johnson & Johnson Research Foundation. 


treated heterogra'ts employed as aortic sub- 
stitutes. In all instances surviving animals 
have had their grafts in place for two to 
two and one-half years. Our entire series 
includes both short- and long-term experi- 
ments and consists of 32 animals in which 
ficin-digested implants were employed and 
with untreated (control) 


10 animals ma- 


terial. 


Technique 


The technique of preparation is given in greater 
This consisted of 
digestion of freshly removed bovine carotid arteries 
in a solution of 1% ficin * at controlled temperature 
and pH. After digestion, hardening of the vessels 
in 1% They were then 
washed and tested for leaks, and all tributaries were 
ligated. Sterilization was carried out in a solution 
of 1% propylene oxide in 50% ethanol. Vessels 
were stored in this solution or aseptically removed 


detail in a previous report.’ 


formalin was carried out. 


for lyophilization and storage in a freeze-dried 
state. Untreated bovine carotid arteries similarly 
sterilized and stored constituted control material. 

Segments approximately 4.5 to 5.0 cm. in length 
were implanted into the abdominal aorta of large 
mongrel dogs by usual vascular suture techniques 


Results 


The ultimate basis for judging the ef- 
fectiveness of enzyme-treated heterografts 
as arterial substitutes is the reaction these 
materials undergo or elicit over long periods 
of time. In this series, implants have been 
studied at intervals by general observation 
of the animals, by aortography, and by gross 
and microscopic examination of prostheses 


* Merck & Co., Inc. 





TaBLe 1.—Comparison of Treated and Untreated 
Heterografts 
(0-2% Years) 
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TABLE 2.—Comparison of Treated and Untreated 
Heterografts 
(3-30 Months) 








Per Cent Success 


Including Excludin 
Technical Technica 
Failures Failures 





Number 


Treated 
Successful 
Graft failures 
Technical failures 
Untreated 
Successful 
Graft failures 





obtained at death or when the animal was 
killed. 

Poor results were classed as being either 
“technical” or “graft” failures. Technical 
failures were those directly attributed to 
faulty preparative or operative techniques. 
The majority of these occurred during the 
early phases of this investigation, decreasing 
markedly as the study proceeded. All other 
failures were considered graft failures. 

Aortographic Observations. —Each animal 
was subjected to translumbar aortography 
approximately every six months, using 35% 
sodium acetriozate (Urokon sodium). It is 
difficult to treat statistically data accumu- 
lated over a two-and-one-half-year period, 
with animals periodically removed for kill- 
ing. In the over-all analysis of a series such 
as this, the counting of a graft successful 
at the time the animal was killed as a truly 
successful one might be in error, particularly 
if the animal was killed fairly early in the 
series. Such a graft might well have been a 
failure if followed only a few months long- 
er. We have therefore presented our data 
in three different groupings, as shown in 
Tables 1, 2, and 3. 

Table 1 includes both short- and long- 
term animals observed over a period of zero 
Taste 3.—Comparison of Treated and Untreated 

Heterografts 


(1-2% Years) 











Per Cent 
Number Success 
Treated 
Successful 
Living 
Sacrificed 
Graft failures 
Untreated 
Successful (killed) 
Graft failures 





Per Cent Success 
Excluding 
T Jini, 





Includin, 
tetndiany 





Number Failures Failures 
Treated 
Successful 
Living 
Killed 
Graft failures 
Technical failures 
Untreated 
Successful (killed) 
Graft failures 





to two and one-half years. It consists of 
the entire series, with no omissions. The 
percentage of successful grafts in the treated 
series, barring technical failures, is 73%, as 
opposed to 20% for the untreated hetero- 
grafts. This difference between the control 
and the treated group is all the more striking 
when one realizes that of the two untreated 
heterografts listed as “successful” one was 
in an animal killed after only 90 days of 
implantation. In the enzyme-treated group, 
nine grafts were stored in freeze-dried form, 
the rest being preserved in 50% ethanol. 


Fig. 1A.—Serial aortograms of ficin-digested im- 
plant observed at 433, 656, and 825 days. 
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Fig. 1B.—Serial aortograms of ficin-digested im- 
plant observed at 760 and 940 days. 


In Table 2 only the data for those animals 
surviving from 3 to 30 months are analyzed. 
The results obtained during this period of 
observation are more striking, 79% of the 
grafts in the treated group being considered 
successful (disregarding technical failures), 
whereas only one out of eight, or 11%, of 


Fig. 2A.—Aortograms of untreated heterograft 
made at 382 and 599 days. Note progressive nar- 
rowing and irregularity of the wall. Artery found 
to be thrombosed when the animal was killed, at 
670 days. 


Rosenberg et al. 


control (untreated) heterografts was found 
to be patent and not dilated. 

In Table 3 the results 
untreated heterografts in survivors of one 


for treated and 


to: two and one-half years are analyzed. It 
is readily seen that 87% of the enzyme- 
treated heterografts which were considered 
successful at one year were patent and not 
dilated in survivors studied between two and 
two and one-half years after grafting. The 
rate of success among untreated controls 
was again strikingly low. 

Illustrative aortograms are depicted in 
Figures 1A and 1B. The first x-rays (Fig. 
1A) are those of an enzyme-treated implant, 
with observations made at 433, 656, and 825 
days, respectively, showing an adequate im- 
plant after this long period of time. The 
small constrictions noted at the suture line 
are attributed to the overcautious suture 
technique originally employed by us, wherein 
a running everting mattress suture was fol- 
lowed by an additional over-and-over suture 
line applied to the everted cuff of the 
anastomosis. This produced some constric- 
tion and has no longer been used in recent 
experiments. 


The second group of aortograms (Fig. 


1B) is also from an animal containing a 
ficin-digested implant. Observations in this 
animal were made at 760 and 940 days, 


again with a good long-term result. The 
slight angulation noted is due to too much 


Fig. 2B.—Aortogram of untreated heterograft 
showing progressive dilatation and subsequent 
aneurysmal bulge when observed at 347 and 623 
days. 





slack permitted in the application of the 
prosthesis. 
The results in two typical untreated he- 


terografts are shown in Figures 2A and 
2B. In the first instance (Fig. 2A) aortog- 
raphy was performed at 382 and 599 days, 


respectively. In this dog, the graft showed 
marked and progressive narrowing with ir- 
regularity of the wall, and, between the last 
aortographic observation and time of killing, 
at 670 days, the graft became thrombosed 
completely. Aneurysm formation in an un- 
treated heterograft is noted in Figure 2B. 
The graft is visualized at 347 and at 623 
days. Progressive dilatation is noted, with 


Fig. 3B.—Microscopic 
appearance of untreated 
heterograft at 670 days, 
showing chronic inflam- 
mation with “foam” cells. 
Hematoxylin-eosin stain; 
reduced to 73% of mag. 


K 194. 
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Fig. 3A.—Microscopic 
appearance of untreated 
heterograft at 670 days, 
showing elastica degen- 
eration and fragmenta- 
tion. Verhoef f stain; 
reduced to 73% of mag. 


x 94. 


the eventual development of a localized 
aneurysmal bulge. 


Anatomical and Physical Characteristics 
of Long-Term Implants.—Although roent- 
gen study has limitations, particularly with 
reference to analysis of tissue alteration, host 
response, and physical characteristics of the 
implant, the desire to keep our long-term 
animals as long as possible led us to confine 
our experiments in the main to x-ray evalua- 
tion. We have, however, killed two long- 
term dogs to date. One had a 670-day, 
untreated bovine aortic implant; the other, 
a 630-day ficin-dissected bovine implant. 


Vol. 76, Feb., 1958 





ENZYME-DIGESTED HETEROGRAFTS 


Fig. 3D.—Same section 
as that shown in Figure 
3A, at a higher magnifi- 
cation. Hematoxylin- 
eosin stain; reduced to 
73% of mag. X 194. 


The untreated heterograft was completely 
thrombosed at the time of killing. Micro- 
scopically, its elastica showed extensive 
destruction and fragmentation (Fig. 3A), 
and the vessel wall was the 
chronic inflammatory reaction, with areas 
of foam-cell granuloma (Fig. 3B) and areas 
of calcification. 


seat of a 


Tensile studies revealed the 
breaking strength of this vascular segment 
to be well within the normal preimplantation 
range. The graft was known to be patent, 
and not dilated, for at least 599 days, and, 


TABLE 4.—Phy 


Fla 


t 
Treatment Diam., In. 


Ficin-treated (630 days) 
Untreated (670 days) 


0.72 
0.91 


* Corrected to \% in. width. 


Rosenberg et al. 


Thickness, 


Fig. 3C.—Microscopic 
appearance of _ficin-di- 
gested implant after 630 
days, showing prosthesis 
replaced by mature fi- 
brous tissue, containing 
living host fibrocytes. A 
complete pseudointima is 
present. Hematoxylin- 
eosin stain; reduced to 
92% of mag. X 94. 


while one cannot draw conclusions from 
isolated observations, the data in this in- 
stance support the contention that the in- 
tegrity of the elastica is not necessarily 
essential to the strength of the vessel wall 
or to the prevention of aneurysm (Table 4 
and Fig. 3A-3C). 

Examination of an enzyme-treated implant 
removed after 630 days revealed the intimal 
surface to be essentially smooth, with only 


The 


pseudointima was complete (Fig. 3C), and 


very slight, superficial irregularities. 


g-Term Heterologous Arterial Implants 








Wall Tensile 
Strength, 
Lb./Sq. In. 


Width, Breaking 
In. Strength,* 


Lb. 


Per Cent 
Elongation 
In. 


0.039 
0.055 


0.49 
0.43 


17.1 
20.1 


439 
367 











Fig. 4A.—Breaking strength, in pounds, is indi- 
cated for one ficin-digested and one untreated 
heterograft tested after 630 and 670 days, re- 
spectively. These data, indicated by a cross, are 
superimposed on graph showing numerous preim- 
plantation measurements. (See text.) 


no mural thrombus was present. Microscopic 
examination revealed the prosthesis to be 
completely replaced by fibrous tissue, no 
evidence of degeneration of the wall or 
calcification being noted (Fig. 3C and 3D). 

Tension studies made on these long-term 
treated and untreated specimens are illus- 
trated in Table 4. It interest that 
breaking strength and tensile strength are 
well maintained in both the ficin-treated and 


is of 


the untreated heterograft. Indeed, in the case 
of the ficin-treated preparation, these figures 
are somewhat higher than the range of 
similar specimens tested prior to implanta- 
tion. A marked decrease in per cent elonga- 
tion to the first point of stress is noted in 
the untreated heterograft, probably due to its 
becoming invaded and surrounded by host 
collagen. (The normal percentage of elonga- 
tion for the elastic untreated heterograft is 
about 100%, the 670-day reading of 29.3% 
being markedly below that level.) The ade- 
quate maintenance of breaking strength and 
tensile strength is illustrated graphically in 
Figures 4A and 4B in which these isolated 


long-term observations are plotted on pre- 


viously published  scattergrams 


preimplantation data. 


depicting 
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botain 





_ Fig. 4B.—Tensile strength, in pounds per square 
inch, similarly illustrated for the two long-term 
grafts. (See text.) 


Comment 

Bovine arteries vary in the amount of 
smooth muscle and elastin they contain. The 
processing of these vessels by enzymatic 
digestion has therefore had to be carefully 
controlled throughout. We are still engaged 
in studies designed further to refine our 
digestion technique with the aim of maxi- 
mally preserving vascular strength and integ- 
rity. The chemical and physical properties 
of collagen received particular attention, 
first, because it is the strongest single com- 
ponent of the vessel wall and, second, be- 
cause it can be weakened in the course of 
processing the vessel. Recently, Newton et 
al.® tried to alter species specificity in the 
equine artery by controlled enzymatic diges- 
tion; but, considering the low pH at which 
they worked and the histological description 
of their preparation, damage to collagen 
must needs have been severe. The enzymes 
employed by these workers had, after ex- 
tensive testing, not been found by us to be 
efficient or sufficiently discriminating in their 
ability selectively to digest away the paren- 
chymatous components of the arterial wall. 

In presenting this analysis of long-term 
implantation results, we are aware that most 
of our reported observations have been ob- 
tained by aortography. It is realized that 
wall degeneration, calcification, and mural 
thrombus cannot accurately be foretold by 
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such x-ray examinations. It is true, how- 
ever, that patency of the graft and the 
presence or absence of aneursymal dilatation 
can be identified by this technique, and 
these, in the last analysis, are of greatest 
importance in the long-term evaluation of 
success or failure. Our one long-term graft 
revealed an adequate intima, absence of 
degenerative mural changes, no calcification, 
and a breaking strength equal to, or better 
than, that observed in most such prostheses 
prior to implantation. 

In the statistical analysis of our results, 
the most. significant comparisons are those 
between the enzyme-treated arteries and the 
untreated controls, Only over the very short- 
term do untreated heterografts perform 
fairly well. Over long periods of observa- 
tion, however, the untreated vessels do 
poorly, and the incidence of failure becomes 
very high. Histological comparisons are 
also quite dramatic, the reaction to the ficin- 
digested vessel being mostly a fibroplastic 
one, almost from the time of implantation. 
The untreated heterograft continues to show 
inflammatory-cell infiltration, focal necrosis, 
and degenerative changes in the wall. We 
believe that pretreatment with enzyme, by 
removing biologically reactive proteins, has 
altered the cellular response on the part of 
the host mainly by mechanically removing 
the stimulus to such response. 

Our observations have all been made on 
abdominal transplants. Recent literature has 
strongly suggested that for more critical 
testing of vascular prostheses and grafts, 


thoracic aortic segments, or, as suggested 
by McCune et al. and later by Szilagyi 


and co-workers,® long thoracoabdominal seg- 


Rosenberg et al. 


ments be employed. The latter technique is 
now being used by us in a new series of 
dogs, employing grafts up to 9 in. (23 
cm.) in length. 


Conclusions 


Collagen tubes prepared by enzymatic di- 
gestion of bovine heterografts have func- 
tioned as segmental arterial substitutes in 
the abdominal aorta of dogs for over two 
years, with a percentage of success far ex- 
ceeding that with untreated heterografts, 
and fairly comparable with results obtained 
with other vascular substitutes. 


10 Lincoln Ave. 
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Fate of Aortic Homografts in Experimental Canine 


Atherosclerosis 


Study of Fresh Thoracic Implants into Abdominal Aorta 


HENRY HAIMOVICI, M.D.; NELICIA MAIER, M.D., Ph.D., and LOTTE STRAUSS, M.D., New York 


Increasing use of arterial grafts for seg- 
mental arteriosclerosis obliterans and ar- 
teriosclerotic aneurysms has brought the 
question of their long-term fate into focus 
from two angles: (1) their biologic integra- 
tion into the host, and (2) their suscepti- 
bility to the host’s atherogenic factors. 

An answer to these questions would ob- 
viously involve long-term clinical observa- 
tions. Data so far available on this subject 
are scant.! A more comprehensive analysis 
of these factors may be provided, however, 
by animal experimentation. 

The present study was undertaken to 
investigate by histological and biochemical 
methods the fate of fresh thoracic aortic 
implants into the abdominal aorta of dogs 
subjected to a chronic atherogenic regimen. 


Material and Methods 


Fifteen male mongrel dogs, ranging in age from 
1 to 3 years and weighing between 11 and 19 kg., 
were used. Sterile homologous segments of the 
lower thoracic freshly secured were im- 
planted within one to two hours into the abdominal 
The animals were anesthetized 


aorta 


aorta of 11 dogs. 
with intravenous pentobarbital (Nembutal) sodium. 
After mobilization of the abdominal aorta between 
the renal arteries and the inferior mesenteric 
artery, a segment 1.5 to 2.0 cm. long was resected 
in this area, and the resulting defect was bridged 
with a graft 3.0 to 45 cm. long. Two to five 
months after implantation of the graft, the dogs 
were placed on a cholesterol-thiouracil regimen. 
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The diet consisted of Purina Kibbled Meal con- 
taining 2.5% cholesterol. The cholesterol was 
dissolved in ether; the solution was mixed with 
Kibbled Purina, and the ether was allowed to 
evaporate. The average daily cholesterol intake 
was about 0.6-0.8 gm. per kilogram of body weight. 
Thiouracil* was administered to each dog in 
powder form mixed with horse meat. The average 
amounts of thiouracil used daily ranged from 
40 to 80 mg. per kilogram of body weight, the 
dosage being adjusted the blood 
cholesterol level and the dog’s appetite. Food in- 
take was at times erratic, necessitating the addition 
of ground horse meat to the diet. Blood cholesterol 
levels were determined biweekly by the method of 
Abell and associates.” 

Of the 15 dogs used, 11 had grafts and 4 served 
as controls on the cholesterol-thiouracil regimen. 
Of the with nine were on the 
cholesterol-thiouracil regimen, and two served as 
controls, 


according to 


dogs grafts, 


The dogs in the group with grafts were killed 
from 9 to 21 months after the onset of the athero- 
genic regimen, and those without grafts were killed 
after a period of 9 to 17 months. 
were 


The animals 
injection of pento- 
barbital and exsanguination or by air injection. 

At autopsy the heart, aorta including the graft, 
and iliofemoral and popliteal arteries were re- 
moved in continuity. The carotid, subclavian, 
axillary, brachial, coronary, intercostal, 
and abdominal visceral arteries were also ex- 
amined, as well as the liver, kidney, and adrenal 
glands. The distribution and extent of the lesions 
were recorded in each instance. Microscopic 
studies of the graft and adjacent host aorta were 
done routinely. Sections were stained with hema- 
toxylin and eosin, and with the Weigert elastica- 
Van Gieson method. Segments of the graft and 
host aorta were used for the study of succinic and 
cytochrome oxidase systems, esterase, and lipase. 
For the first two enzymes, the Warburg technique * 
was used, and for the latter two, the colorimetric 
method with £-naphthyl laurate.‘ 


* Thiouracil was obtained through the courtesy 
of the American Cyanamid Company. 


killed by intravenous 


lumbar, 
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TABLE 1—Serum Cholesterol Levels and Degree of Atherosclerosis in Dogs on a 
Chronic Cholesterol-Thtwouracil Regimen 








Duration Graft 


Dog No. Date of Implant Implanted, Mo. 


1/21/55 24 
2/18/55 
2/25/55 
3/25/55 
4/1/55 
6/24/55 
7/15/55 
7/22/55 
7/29/55 

10 t 

lit 

12¢ 

13 ¢ 


Duration of 
Atherogenic 
Regimen, Mo. 


Average Serum 
Cholesterol, 
Mg/100 Ce. 

699 
(419-1790) * 
919 
(630-1710) 
873 
(441-2780) 
743 
(550-1256) 
291 
(216-412) 
(451-2060) 
7380 
(512-1743) 


802 
(598-2025) 
545 


(430-800) 
901 
(566-1285) 
997 
(512-2460) 
760 
(551-1705) 
827 
(528-2580) 





* In parentheses, range of variations. 
+ Dogs 10, 11, 12, and 13, had no grafts and served as controls. 


Results 

The degree and extent of the atheroscle- 
rotic lesions did not always seem to parallel 
the level and duration of hypercholesteremia. 
Intake of cholesterol food was erratic and 
was reflected in the fluctuations of serum 
cholesterol levels. While the average serum 
cholesterol values were slightly below 1000 
mg. per 100 cc. (Table 1), during a period 
of several months, in six dogs the hyper- 
reached values above 1000 
mg., five 


2000 mg. per 100 cc. These large variations 


cholesteremia 


while in instances it exceeded 


in serum cholesterol level were similar to 


Fig. 1.—Descending thoracic aorta, illustrating 
atheromatous changes at the ostia of the inter- 
costal arteries and absence of lesions in the re- 
mainder of the aorta. In contrast, the abdominal 
aorta of this dog exhibited marked atheromatous 
changes (Figs. 2, 3). 


ae are eae eee 
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those noted by Steiner and Kendall® and 
Bevans and associates.® 

The lesions produced were similar to 
those reported by others ** and consisted of 
atheromatous streaks or plaques, ranging 
from pinpoint to several centimeters in 
size, often involving the entire circumfer- 
ence of the artery over long segments. The 
arch and descending thoracic aorta ( Fig. 1) 
never exhibited any atheromatous plaques, 
except for the ostia of the intercostal ar- 
teries, which were often involved. In con- 
trast, the abdominal aorta (Fig. 2) 
the 
plaques, usually more pronounced in its 
distal 


one dog the entire abdominal aorta showed 


was 


almost always site of atheromatous 


segment. It is noteworthy that in 


Fig. 2.—Extensive atheromatous lesions of the 
abdominal aorta and iliac, femoral, and popliteal 
arteries, 
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Fig. 3.—Thoracic aorta graft after 24 months 
of implantation into the abdominal aorta and after 
20 months of cholesterol-thiouracil regimen. Note 
marked atheromatous plaques in the host abdominal 
aorta both proximal and distal to the graft, in 
contrast to absence of such lesions in the latter. 


marked atheromatous changes all the way 
(Dog 911; 
Table 1), with a sharp line demarcating the 
the 
segment. In 


distally from the diaphragm 


involved abdominal aorta from com- 


pletely uninvolved thoracic . 
most cases the iliac, femoral, and popliteal 
(Fig. 2) exhibited 


lesions, which were present even when the 


arteries pronounced 


abdominal aorta was little involved. Some- 


times the lesions assumed an annular pattern 
in the iliac and femoral arteries, while in the 


popliteal arteries, in most instances, the 


lesions were most pronounced consisting of 


obliterating atherosclerosis. A similar ob- 


literating process was noted in_ smaller 
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arteries, such as the coronary, intercostal, 
lumbar, and mesenteric. 

The gross appearance of the graft (Fig. 
3) was quite different from that of the host 
abdominal aorta. In five out of nine homo- 
grafts there was no evidence of atherom- 
atous changes, while in the remaining 
four these changes were minimal. In almost 
all cases, however, there were nonspecific 
degenerative changes consisting of fibrotic 
calcified plaques or hemorrhagic ulcerations 
or simply an ulceration covered by an or- 
ganized thrombus. Similar degenerative 
changes of the graft were also present in 
the two control dogs kept on a normal diet. 

Histologic sections showed that in all but 
one (Dog 145) of the cholesterol-fed dogs, 
the abdominal segment of the host exhibited 
atheromatous changes consisting of intimal 
plaques made up predominantly of foam 
cells with only minimal fibrosis (Fig. 4). 
Underlying the plaque, splitting of the in- 
ternal elastic membrane could be observed 
in certain cases. More advanced changes 
consisted of partial disintegration of the 
foam cells in the plaque, with liberation of 
cholesterol into the tissue spaces and depo- 
sition of cholesterol crystals (Fig. 5). As- 
sociated with this was a more marked degree 
of fibrosis within the plaque. The internal 


Fig. 4.—Photomicro- 
graph of host abdominal 
aorta of a dog after 13 
months on_ cholesterol- 
thiouracil regimen, show- 
ing atheromatous intimal 
plaque composed of foam 
cells. Note slitting of 
internal elastic membrane. 
Weigert-Van Gieson 
stain; reduced to 85% of 
mag. X 125 
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Fig. 5.—Photomicro- 
graph of host abdominal 
aorta of a dog after 20 
months on_ cholesterol- 
This 
segment is in the vicinity 
of the suture line of the 
graft. It shows a fibrotic 
intimal plaque and scar- 
ring of the media with 
“trapped” masses of cho- 
lesterol. The elastic mem- 


thiouracil regimen. 


brane is fragmented and 


in one area is absent 


Weigert-Van Gieson 
stain, reduced to &85% of 


mag. X 125. 


elastic membrane was disrupted, with 
marked alterations in the media underlying 
the site of the plaque. Foam cells were 
present between the elastic fibers, which 
were pushed apart and torn in places. Con- 
comitantly, there was an increase of amor- 
phous ground substance. 

In contrast to the above changes observed 
in the host abdominal aorta, the homograft 
exhibited alterations. Intimal 


less severe 


plaques were. present particularly in_ the 
proximity of the suture line. These tended 
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to be predominantly fibrous (Figs. 6 and 
7), with variable degrees of hyalinization 
and within the fi- 
Foam cells in these plaques 


occasional calcification 


brous plaque. 
were found in four of the nine homografts. 
These changes were very slight when com- 
pared with those observed in the corre- 
sponding abdominal aortic tissue of the host. 
In two of the four involved cases, a few 
foam cells could also be seen in the media 
of the graft. A partially organized throm- 


bus was found in one graft. It is possible 


Fig. 6.—Photomicro- 
graph of a fresh thoracic 
aorta graft after 18 
months of implantation 
into the abdominal aorta 
of a dog and after 13 
months of  cholesterol- 
This 
graft 
intimal 
only rare 
foam cells. Hematoxylin- 
eosin stain; reduced to 
85% of mag. X 125. 


thiouracil regimen. 
segment of the 
shows a fibrous 
plaque with 





Fig. 7.—Photomicro- 
graph of another segment 
of graft shown in Figure 
6. The intimal fibrous 
plaque is free of foam 
cells. Hematoxylin-eosin 
stain; reduced to 85% of 
mag. X 200. 


that at least some of the fibrotic plaques 
in the grafts may be the result of organiza- 
tion of mural thrombi. 


Enzymatic Studies 
The oxidative capacity of arterial slices 
(Table 2), as expressed in cubic millimeters 
of oxygen per milligram of nitrogen per 
hour, showed the following average values 
for the graft and the host abdominal and 
succinic 


25: for 


thoracic aorta, respectively: for 


oxidase system, 3.76, 11.29, and 15 


cytochrome oxidase system, 5.40, 10.53, and 
13.57. The latter enzyme in the graft seems 
to have lost relatively less activity than the 


former. 
Esterase activity (Table 3), as expressed 
in micrograms of B-naphthol per milligram 


TABLE 2.—O-xidative Capacity of Aortic 
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of nitrogen per hour, showed the following 
average values for the graft and abdominal 
and thoracic aortas, 9.89, 
33.58, and 61.75. Lipase was not present 
in aortic tissue, although it was found 
consistently in the serum. A detailed report 
on enzymatic findings in normal and athero- 
sclerotic aortic tissue will appear elsewhere. 


respectively: 


From the biochemical data, it appears that 
the graft still exhibits enzymatic activity 
and is therefore not entirely a “dead” tissue, 
as suggested by morphologic findings. 


Comment 


It is well recognized that aortic homo- 
grafts in the experimental animal are liable 
to degenerative changes.*"! 
are always present, being primarily charac- 


Some of these 


Homografts and Host Aortic Tissue of 





Dogs on Cholesterol-Thiouractl Regimen 








Host Aorta 





Homograft 
Qo:PPDt 


5.13 
3.78 
4.12 
4.96 
10.92 
1.76 
4.31 
8.24 
5.40 


Qo:8* 


6.54 
4.34 
3.07 
3.47 
7.46 
1.98 
1.76 
1.45 
3.76 


PAO Owe 


Average 





Abdominal 
Qo: PPD 


6.62 
8.43 


Thoracic 
Qo:8 


6.77 
7.60 


Qo: PPD 


9.86 
14.82 
12.80 
13.33 
15.42 
10.88 
17.89 


16.11 
8.17 


19.68 

8.87 
13.54 
11.29 


13.30 


10.53 13.57 





* Qo: S = oxygen consumption, in cubic millimeters per milligram of nitrogen per hour, using succinate as substrate. 
+t Qos PPD = oxygen consumption, in cubic millimeters per milligram of nitrogen per hour, using p-phenylenediamine as substrate. 
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Taste 3.—Esterase Activity* of Aortic Homo- 
grafts and Host Aortic Tissue of Dogs on 
Cholesterol-Thiouracil Regimen 








Host Aorta 





No. Homograft 
Abdominal Thoracic 
60 J 24.96 56.33 
113 . 36.33 ; 
125 5. J 53.35 


327 / \. 76.41 
335 < 28. 66.05 
578 85 38. 39.60 
900 34, \e 


NOueuwne 


Average 33.58 61.75 





* Esterase activity, determined in micrograms of 8-naphthol 
per milligram of nitrogen per hour. 


terized by a loss of smooth muscle cells of 
the media and replacement of the endothe- 
lium and adventitia by host tissue. Other 
changes, usually less frequent, consist of 
ulceration, fibrosis, and calcification of the 
The latter changes appear to be 
nonspecific reactions of devitalized tissue. 
In addition to these nonspecific degenerative 
changes, there is experimental evidence that 
aortic homografts may also exhibit greater 
susceptibility to atherosclerotic altera- 
tions 7-1?:18 than the host aorta. Creech and 
associates,’ studying the effect of chronic 
refrigerated and 
freeze-dried canine abdominal aortic homo- 
grafts implanted into the abdominal aorta, 
have found these homografts to be more 
susceptible to atherosclerosis and, moreover, 
selectively involved in_ the 
In their experiments, even when 


intima. 


hypercholesteremia on 


atheromatous 
process. 
the host aorta exhibited only minimal or no 
atheromatous changes, all but one of the 
homografts were moderately to extensively 
involved. 

In contrast, in our experiments in which 
fresh thoracic aortic homografts were used, 
the grafts exhibited far less susceptibility 
to atherosclerosis than the host abdominal 
aorta into which they were implanted. Of 
the nine homografts, five exhibited no ath- 
erosclerosis and four only minimal changes, 
whereas the host abdominal aorta exhibited 
moderate to marked atherosclerosis in all 
but one case. 

Although the number of these preliminary 
experiments is too small to warrant a more 
definite two factors 


interpretation, may, 
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however, be considered as accounting, at 
least partly, for the above-noted results: 
(1) the thoracic origin of the graft and (2) 
its state of freshness. 

Indeed, Steiner and Kendall,> Bevans 
and associates,* Creech and associates,’ and 
our own investigation have shown that the 
thoracic aorta of the dog appears to be 
refractory to experimental atherosclerosis, 
whereas the abdominal segment is suscep- 
tible to it. This finding may be suggestive of 
a biologic difference between the two aortic 
segments, the exact nature of which remains 
to be determined. That a biologic difference 
exists between the two aortic segments is 
suggested by the results of a previous 
study,4* in which it was shown that the 
succinic oxidase activity of the thoracic 
segment in the dog is markedly higher than 
that of the abdominal segment. A similar 
It is 
likely that these findings may be part of a 
broader pattern of metabolic differences be- 
tween these two segments. 

The role played by the freshness of the 
graft appears less clear, since it is well 
known that morphologically the fates of 
preserved and fresh homografts are iden- 
tical. It is noteworthy that our data indicate 
that the fresh homografts, after one to two 
years of implantation, still exhibit enzymatic 
activity, i. e., that cytochrome oxidase, suc- 
cinic dehydrogenase, and esterase, although 
diminished, are still present. 


difference holds true also for esterase. 


Experiments now in progress on the sus- 
ceptibility to atherosclerosis of fresh and 
preserved abdominal aortic segments im- 
planted into abdominal and thoracic aorta 
and on their metabolism may help in shed- 
ding light on the significance of our present 
findings. 


Summary 

The fate of fresh thoracic aortic implants 
into the abdominal aorta of dogs on a 
chronic atherogenic regimen was studied by 
histologic and biochemical methods. : 
Fifteen dogs were used. Nine dogs with 
grafts and four normal dogs were subjected 
to a_cholesterol-thiouracil 


regimen. Two 
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dogs with grafts served as controls on 
normal diet. 
and descending thoracic aorta exhibit any 


In no instance did the arch 


atheromatous lesions, except for the ostia 
of the intercostal arteries. In contrast, the 
abdominal aorta, in all but one case, was the 
site of atheromatous lesions. 

The gross appearance of the graft was 
quite different from that of the host abdom- 
inal aorta. In five out of nine homografts 
there 
changes, while in the remaining four these 


was no evidence of atheromatous 
changes were minimal. 

Histologic sections showed that the ab- 
dominal aorta of the host exhibited in eight 
out of nine cases intimal plaques made up 
predominantly of foam cells with only mini- 
mal fibrosis. In contrast, the homografts 
showed predominantly fibrous plaques, while 
few foam cells were found only in four of 
nine cases. These changes were very slight 
when compared with those observed in the 
host. 

Study of the oxidative capacity 
esterase activity of the host aorta and the 
graft showed that the latter still exhibited 
enzymatic activity, although diminished, 
and was therefore not entirely a “dead” 
tissue, as suggested by morphologic data. 

In conclusion, fresh thoracic homografts 
showed far less susceptibility to atheroscle- 
rosis than the host abdominal aorta. The 
thoracic origin of the homograft may ac- 
count for this result, suggesting the ex- 
istence of a biologic difference between the 


and 


two aortic segments. 


Montefiore Hospital (Drs. Haimovici and 


Maier). 
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Experimental Replacement of Short Segments of Veins 


MILTON F. BRYANT Jr., M.D.; WILLIAM D. LAZENBY, M.D., and JOHN M. HOWARD, M.D., Atlanta 


Discouraging results have usually fol- 
lowed the insertion of replacement grafts 
into the vena cava of dogs. Deterling and 
Bhonslay * with 
aortic homografts in the superior vena cava, 
but their results with ( polyvinyl 
formalinized) sponge, taffeta of Dacron and 
nylon, woven nylon tubing, and venous auto- 
grafts were discouraging. Egdahl and asso- 
ciates®> and Daniel? observed limited, but 
better, results with tissue grafts than with 
plastic tubes or synthetic fabrics inserted 


observed some success 


Ivalon 


into veins. Kay® was successful in 30% 
of dogs in which he inserted caval homo- 
grafts. 


25% of the dogs which had an aortic homo- 


DeBakey * noted success in only 
graft placed in the vena cava. Various 


authors ®:10:12 


have frequently reported com- 
plete failure, or only partial success, with 
grafts inserted into the vena cava of pa- 
tients, but isolated reports have indicated 
the successful clinical replacement of seg- 
ments of the vena cava.*"* 

Inadequate clinical and experimental re- 
sults associated with the use of replacements 
in the vena cava suggested the need for 
further investigation of this problem. In 
addition, the development of a more satis- 
factory solution to the problem of chronic 
venous insufficiency of the lower extremities 
may depend upon a better understanding of 
the technical and biological problems asso- 
ciated with direct surgery on the venous 
system. 

The walls of veins are extremely thin and 
are nonrigid, and the cut ends tend to col- 
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lapse and retract. Tearing of the vein wall 
by sutures occurs all too easily. Twisting, 
angulation, buckling, ridging, and dispro- 
portion in the diameter or length of replace- 
ments may lead to thrombosis. The intima 
and media are so loosely attached to the 
adventitia that one or more layers of the 
venous wall may be missed in the placement 
of sutures. Errors in technique, which may 
be tolerated in arterial surgery, may lead 
to failure in venous surgery. 


Methods 


With the dog as the experimental animal, various 
types of grafts were used for replacement of short 
segments of the inferior vena cava and femoral 
veins. Anesthesia was obtained with 
pentobarbital sodium. 


intravenous 
the 
vena cava was gained via a midline abdominal inci- 
sion placed so that a short (3 cm, length) replace- 
ment could be sutured the 
immediately caudad to the renal veins 


Exposure of inferior 


into vena cava 
In other in- 
stances, the entire length of the femoral vein was 
exposed through a longitudinal incision so as to 
allow replacement of a short segment. Moistened 
umbilical tape or flat-jawed clamps, such as the 
Derra clamp, were found to hold the vein securely, 
with minimal injury to the wall. After resection 
of a segment of vein, 2 cm. in length, a replacement 
approximately 3 cm. in length sutured in 
place. It was necessary to use a replacement some- 
what longer than the excised segment in order 
to prevent excessive tension at the suture line. The 
patency of the graft was subsequently studied by 
venography. 

Before proceeding with the insertion of various 
replacements, a standard technique was developed 
for handling and anastomosing veins. 


was 


Control Studies on Suture Technique 


Division and Immediate Repair of Veins 
The technique of performing an end-to- 
end anastomosis on a vein involves meticu- 
lous care and 


accuracy in placing each 


suture. All anastomoses were performed 


with Q0000 braided arterial silk swaged 


289 








on a 3/8-circle taper-point needle. The col- 
lapse and shortening of the venous segment 
could be overcome with gentle stretching. 
Four fixation sutures were placed in respec- 
tive quadrants to maintain the cut ends in 
the stretched position and to prevent twist- 
ing and constriction at the anastomotic site. 
Placement of interrupted sutures was ex- 
tremely time-consuming and allowed consid- 
the suture 
following removal of the clamps. 


line 
After 
evaluating everting mattress sutures, a con- 


erable leakage along 


tinuous over-and-over suture was selected 
as providing the best results. Sutures were 
placed approximately 1-2 mm. apart and 1-2 
mm, from the cut edges. The continuous 
suture was tied to each of the four fixation 
sutures. Once the technique was standard- 


the 


cava was successfully performed in_ nine 


ized, end-to-end anastomosis of vena 


In three additional dogs, 
the 


femoral vein was carried out in successive 


consecutive dogs. 


end-to-end anastomosis of common 


experiments. Venograms performed six 
weeks later revealed each of the anastomoses 
to be open with minimal or no constriction 


at the suture lines. 


Fig. 1A.—Normal venogram made nine months 
after insertion of autogenous graft into vena cava. 
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Result of Venous Replacement 





Per Cent 


Technique No. of Time No. of Grafts 
Animals Lapse Patent Patent 

Fresh venous autografts 

Vena cava 10 6 wk. 8* 80 

Femoral vein 3 3 wk. 2 67 
Fresh venous 
homografts 

Vena cava 4 3 wk. 0 0 
Freeze-dried venous 
homografts 

Vena cava 2 2 wk. 0 0 
Freeze-dried arterial 
homografts 

Vena cava s 5 wk. 0 0 
Orlon grafts 

Vena cava 4 3 wk. 0 0 
Nylon grafts 

Vena cava 4 3 wk. 0 0 
Tefion grafts 

Vena cava 2 3 wk. 0 0 


* Four of these dogs were restudied at nine months; each 
graft remai.ed patent. 

Evaluation of Various Types of Grafts 

Autogenous Venous Grafts —A segment 
of inferior vena cava approximately 3 cm. 
in length was excised in 10 dogs. The ends 
were reversed, and the graft was sutured 


Fig. 1B.—Venogram showing complete obstruc- 
tion five weeks after insertion of freeze-dried 


arterial homograft into vena cava. 
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Fig. 1C—Venogram showing marked collateral 
circulation with vena caval occlusion, three weeks 
after insertion of nylon graft into vena cava. 


back in place. Six weeks later venograms 
were obtained by injecting 15 cc. of 35% 
(Diodrast) into the 
vein. Eight of the ten grafts were patent. 
Four of the dogs were retained for long- 
term follow-up; at the end of nine months 
the grafts (Fig. 1A). 
Three autogenous venous grafts were in- 


iodopyracet femoral 


remained patent 


serted into the femoral vein, and two of the 
grafts were patent at the end of three weeks 
( Table) 


ARTERIOVENOUS FISTULA 


\\ | 


4 *—— Pressure in graft 
ney 15-20 cm./ H20 


---Femoral vein 






Femoral --- 
artery 





RESULTS — THROMBOSIS OF GRAFTS 


Fig. 2A.—Schematic drawing showing arterio- 
venous fistula with blood flowing proximally 
through graft. 


Bryant et al. 


Homologous and Artificial Grafts—In 
eight dogs, a 2 cm. segment of the inferior 
vena cava was excised, and a 3 cm. freeze- 
dried arterial homograft was sutured into 
place. Cavagrams obtained at the end of 
five weeks revealed thrombosis of each graft 
(Fig. 1B). 

Similar experiments were performed 
using fresh venous homografts, freeze-dried 
venous homografts, and Orlon, nylon ( Fig. 
1C), and Teflon synthetic grafts. The num- 
ber of experiments, the period of observa- 
tion, and the results are summarized in the 
accompanying Table. 

Effect of Venous Pressure on Results of 
Grafting.—Because of the poor results in 
replacing the vena cava, in contradistinc- 
tion to experiences in replacing arteries 
with homologous or artificial grafts, the 
venous pressure was elevated by the creation 
of an arteriovenous fistula adjacent to the 
venous graft. In each of four dogs, a nylon 
graft 3 cm. long was inserted into the 
femoral vein. Approximately 2-3 cm. distal 


Fig. 2B.—Arteriovenous fistula in the dog with 
blood flowing proximally through graft. 











ARTERIOVENOUS FISTULA 


oe Bias Vein 
Femoral-—~-) \ 


artery 





Pressure in grafts 
50-60 cm./ H20 


RESULTS— GRAFTS PATENT AT 6 WEEKS 


Fig. 3A.—Schematic drawing showing arterio- 
venous fistula with blood flowing distally through 
graft. 


to the graft an arteriovenous fistula was 
constructed between the end of the femoral 
artery and the side of the femoral vein. 
The femoral then 
ligated distal to the fistula in order to shunt 
the blood flow proximally through the graft 
(Figs. 2A and 2B). The pressure in the 
graft, by direct measurement, was increased 


artery and vein were 


from 5-8 to 15-25 cm. of water. In spite 
of elevating the pressure in the grafts to 
15-25 cm. of water, thrombosis of all four 
grafts occurred within a period of three 
weeks. 

In another group of four dogs, a 3 cm., 
seamless nylon graft was inserted into the 
femoral vein, and proximal to the graft an 
created between 
the end of the femoral artery and the side 
of the femoral vein. The femoral artery 
was ligated distal to the fistula, and the 
femoral vein was ligated proximal to the 
fistula in order to shunt the arterial blood 
flow distally through the graft (Figs. 3A 
and 3B). Owing to the peripheral resist- 
ance, the pressure in the graft by direct 
measurement was elevated to 50-60 cm. of 
water. At the end of three months three of 
the four grafts were found to be patent and 
functioning. 


arteriovenous fistula was 


Comment 


Deterling and Bhonslay inserted four 
aortic homografts (1.5 cm. in length) into 
the superior vena cava of dogs.* Within a 
few weeks they noted an over-all contrac- 
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Fig. 3B.—Arteriovenous fistula in the dog with 
blood flowing distally through graft. 


tion of the graft, and after several months 
the process of contraction had produced 
numerous furrows and corrugation in the 
graft wall. Eventually, the diameter of each 
of their grafts was reduced by as much 
as 40%. The function, however, remained 
within satisfactory limits. In 
experiments, 


the current 
aortic homografts inserted 
into the inferior vena cava have not per- 
mitted lasting function. 
were patent, functioned well, and gave the 
appearance of a satisfactory replacement; 
but five weeks later each graft was throm- 
The reason for the thrombosis is 
Perhaps the intrathoracic 
pressure and the sucking action of the heart, 
observed by Bloom and associates,’ affect 


Initially, all grafts 


bosed. 


not obvious. 


favorably the maintenance of patency when 
aortic homografts are inserted into the 
superior vena cava. 

The results with freeze-dried and fresh 
venous homografts were disappointing, as 
each graft eventually became thrombosed. 
The failure with synthetic materials was 
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consistent. Initially, the grafts functioned 
perfectly and gave the impression that they 
would serve as excellent replacements in 
the venous system. Subsequent cavagrams 
revealed failure in each instance. 

To date, the only grafts which have re- 
mained patent have been autogenous vein 
grafts. Eight.of ten vena caval grafts re- 
mained patent, and the four selected for 
long-term study are still functioning. 

Clinically, autografts have been used suc- 
cessfully to establish shunts between the 
portal and the systemic venous circulation," 
as well as to relieve obstruction of the su- 
perior and inferior venae cavae.":!* 

The success with artificial grafts in the 
femoral vein after the construction of an 
arteriovenous fistula would appear to be due 
to the elevation of venous pressure. A di- 
rect relationship may exist between the 
intraluminal the continued 
patency of “foreign-body grafts” inserted 
into the venous system. Gerbode postulated 
that “foreign-body grafts” need a_ stint 
pressure to maintain patency.* Deterling 
and Bhonslay noted the contraction of aortic 
homografts in venous replacement. This 
contraction may be due to the low venous 
pressure, for it does not occur; instead, 
dilatation occurs when venous homografts 
are inserted into the arterial system. 

The observations to date suggest that 
elevation of the intraluminal pressure to 
50 cm. 


pressure and 


success with 
“foreign-body grafts” in the venous system. 
Whether replacement or ingrowth of auto- 
genous tissue during the period that the 
venous pressure is elevated would preclude 


of water results in 


subsequent thrombosis if the venous pres- 
sure were returned to normal must await 
further observation. 

The biological question which has not 
been answered is why an increased venous 
pressure would appear necessary to maintain 
patency of a homograft or artificial graft, 
but not of an autograft. It is probable that 
the homografts contract as they are replaced 
by fibrous tissue, whereas the fresh auto- 
grafts remain viable. 


Bryant et al. 


Summary 


Im the current experiments, autogenous 
venous grafts have been the only satisfac- 
tory replacement segments. 
Homologous and artificial grafts, while in- 
itially successful, have not remained patent. 
The construction of an arteriovenous fistula, 
presumably by increasing the venous pres- 
sure, has allowed short-term success with 
“foreign-body grafts’ in the venous sys- 
These findings suggest that if the 
pressure in a “foreign-body graft” is above 
50 cm. of water following insertion into 
a vein, a successful out-ome can be pre- 
dicted. 


for venous 


tem. 
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Study of Peripheral Autogenous Vein Grafts 


THEODORE |. JONES, M.D., and W. ANDREW DALE, M.D., Rochester, N. Y. 


Improvement of methods for accurate 
diagnosis and localization of peripheral 
arterial lesions has proceeded concurrently 
with the recent development of surgical 
techniques for replacement or by-pass of 
these lesions. Thus there is increasing need 
for arterial replacement and for determina- 
tion of the best material for these replace- 
ments. 

While banks of homologous arteries are 
available in many centers, it appears un- 
likely that sueh supplies will for long be 
able to meet the increasing demands for 
small-vessel replacement because of difficul- 
ties in obtaining, storing, and preserving 
such homologous vessels. The practical use 
of heterologous vessels still lies in the fu- 
ture. Synthetic tubes offer advantages in 
terms of ready availability and easy storage 
and at present appear to function satisfac- 
torily as replacements for large vessels, such 
as the aorta. Unfortunately, others as well 
as ourselves find that presently available 
small-caliber synthetic tubes often become 
thrombosed when used for peripheral ar- 
terial replacement. 

Autogenous vein grafts have been shown 
elsewhere, as well as in this laboratory,?*-*: 
#4,46.51 to dilate into aneurysms, with many 
ruptures, when placed into the aorta. On 
the other hand, there are few experimental 
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results reported as to the fate of small- 
caliber autogenous vein replacements, al- 
though clinical reports suggest that these 
small vein grafts do not dilate progressively 
or rupture.’®.??51 The present investigation 
was made to determine the fate of such 
autogenous vein grafts used to by-pass the 
femoral arteries of normal dogs. 

Several theoretical advantages and disad- 
vantages of autogenous vein grafts are rec- 
ognized: 1. There is no problem of 
obtaining, preserving, and storing the graft 
substance. 2. The length of such grafts is 
usually sufficient for traumatic lesions ** 
but may be inadequate alone for by-passing 
atherosclerosis.!***** 3. Initial recognition 
of a varicose vein might lead to dilation and 
possible rupture. 4. Autogenous tissue has 
known advantages in host-graft response. 


History 


Grafting of veins, as well as other re- 


placements, extends back many years. 
Gluck, in 1898,"* successfully placed a vein 
graft in a deep carotid artery. Alexis 
Carrel, in a series of reports from 1902 to 
1910, detailed successful and practical meth- 
ods for anastomosing blood 
dogs.5*® Guthrie compiled his work in a 
text on “Blood Vessel Surgery” in 1913,7° 
and in the following year Bernheim pub- 


lished a text including clinical experience in 


vessels in 


vascular surgery.” 
World War I _ Goyanes,’® 
Lexer,** and Bernheim ? reported successful 


Prior to 


replacement of peripheral aneurysms and 
arteriovenous fistulae by vein grafts. Vas- 
cular repair was not performed during the 
First World War because of the policy of 
vessel ligation and of amputation of severely 
damaged extremities which was dictated by 





AUTOGENOUS VEIN GRAFTS 


the severity and the high incidence of infec- 
tion in war wounds,*:” 

No progress was made between wars, 
and, despite hope for the results of the 
Vitallium cuff nonsuture venous anastomo- 
sis,***7 there was little difference during 
World War II between the results of pri- 
mary injured vessel ligation and those of 
either direct suture or nonsuture anastomo- 
sis. Rose reported only two successes out 
of eight femoral ruptures repaired by the 


TABLE 1—Summary of Recent Clinical and Experimental Peripheral Vein Grafts 


nonsuture technique.‘* Jahnke’s ** review 
tound that 36%-50% of these nonsuture 
repairs ended in gangrene, while 45%-55% 
of those having ligation became gangrenous. 
DeBakey’s analysis of 40 vein grafts placed 
by the nonsuture method indicated similarly 
poor results.’* 

Jahnke’s report of early arterial repair 
in Korea for the first time showed a sig- 
nificantly lowered amputation rate over 
simple arterial ligation. Eleven cases were 








Failures 
Author Date Site Anast. No* — Follow-Up Arteriogram Comment 
Immed. Late 
Rose et al. *? Femoral; Nonsuture § trauma 6 
1946 femoral 
Shumacker ‘* Popliteal; 6 
1948 brachial End-end aneurysm 1 0 1-3 mo. 
Kunlin *' Femoral; Shunt 17 A.S8. 6 3 Upto Several with large 53% long-term 
1951 popliteal 2% yr. stable anast. failure 
(long) 
Anzola et al. * Femoral; End-end 20 dogs 2 1 wk. 1 graft 53 cm., 
1952 (Exp.) popliteal End-end 4 1 16 wk. preserved 3 days 
Malan ** Femoral End-end 4 3 <6 mo. Heparin used; 
1952 3 hematomas 
Murray ** 1 2% inch. femoral 
1952 Femoral Ene-end aneurysm 15 yr. No changes autogenous graft 
Julian, Dye, Assoc. intimectomy 
et al. ** Femoral; End-end 19A. 8. | 5 1-11 mo. All except 1 16 autogenous veins 
1952 iliac 40 A. 8. . 23 1.5-3 yr. open initially 8-38 cm. 
3 homologous veins 
em. 
Fontaine ‘+ Femoral; 10 
1953 popliteal Shunt trauma 0 0 1-3 yr. One large dilatation 
Cooke et al. '* Femoral; 1 Up to 
1953 popliteal Ene-end 9% trauma infect 0 1 yr. Some Short grafts 
Pratt ** Femoral; Patency determin- 
1954 popliteal Shunt 2A. 8 10 ed by pulsation & 
symptoms 
Shaw & Femoral; End-end 
Wheelock ‘* popliteal orshunt I13A. 8. & 1 1-19 mo. Some 
1955 
Julian et al. ** Results no different 
1955 Popliteal End-end 6 0 0 2mo.-2 yr. None from arterial homo- 
: grafts 
Sauvage & 
Wesolowski ++ Femoral End-end 8 dogs 1 0 Uptolyr. 6and12mo.;some 6 cm. average 
1955 d tion 
Freeman & 
— Femoral End-end 6 trauma 1 1-4 mo. No dilatation 
Hoye et al. ** End-end Up to Freq. closure with 58% long-term 
1956 Peripheral shunt 14 A. 8. 1 7 25 yr. postop. narrowing failure 
Julian, Dye, Femoral; Some with consid- save long-term 
et al. 2% t% popliteal End-end 31A.8 13 6 Upto5yr. erable but stable failure 
a7, 20 dilatation 
1953-56 
Lord ** Femoral; 1 end-end) 9A. 8S. 6 0 Up to 18 mo. 
1957 popliteal 8 shunt 12 trauma 0 0 2 mo.-2 yr. 3.5-18 cm. 
Fontaine ‘* 60 2 70% long-term fail” 
1957 aneurysm 33% 25% 2 mo.-2 yr. ure, due to progres” 
A. 8. 37% 3 yr.-9 yr. sive disease 
Rob *: Up to 4 deaths (incl. oper 
1957 24.8 15 18 yr. ative); 71% long 
term failure 








* A. S. = atherosclerosis. 


Jones—Dale 
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managed by autogenous vein replacement 
placed in end-to-end fashion.':73-47 

Further clinical experiences with periph- 
eral autogenous vein grafts are summarized 
in Table 1. There are undoubtedly other 
cases of aneurysms, arteriovenous fistulas, 
and traumatic ruptures that have been re- 
placed with success equal to that in the cases 
outlined here. In the treatment of athero- 
sclerotic occlusion, however, long-term fail- 
ures increase considerably. There is a 
graded increase in the failure rate from 
53% to 70% as the length of follow-up 
observation from two and one- 
quarter to nine years.’® The success with 
the nonatherosclerotic lesions and the grad- 
ual increasing per cent of closure in the 
long-term follow-up of the atherosclerotic 
group suggest that the progression of the 
disease is of primary importance in the 
causation of these late 


increases 


There is 
a scarcity of experimental reports of auto- 


failures. 


genous veins placed in the peripheral ar- 
terial system. The present study has been 
directed toward evaluating the structural 
and functional rele of the saphenous vein 
shunt graft in the peripheral arteries. 


Methods 


Operations were conducted as similarly as pos- 
sible to those for humans. Aseptic technique and 
sharp dissection with the use of fine 0000 and 
00000 nonabsorbable surgical (silk) sutures were 
used. No antibiotics were given in the postoperative 
period. There was no particular difficulty with 
infection in the wounds. 

Operative Technique——A segment of saphenous 
vein, 7-10 cm. in length, was taken from each 
animal, and, after redraping and exposure of the 
opposite femoral artery, the shunt was made. 
Serrefine clamps were placed about the area chosen 
for anastomosis, and a linear arteriotomy was made 
without removal of After the graft and 
artery were washed with a dilute heparin solution, 
an end-to-side anastomosis was made, using an 
over-and-over continuous 00000 silk suture. 
horizontal mattress 


tissue. 


Two 
sutures at each end of the 
arteriotomy held the graft in place. The anasto- 
moses were made approximately three times as long 
as the artery width. A segment of the artery by- 
passed was removed (Fig. 1). 
Arteriograms.—Interval arteriograms were made 


percutaneous aorta or contralateral femoral 
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Tue 


Fig. 1—Femorofemoral autogenous vein shunt 
graft with host artery transected. 


artery catheter injections of 14 cc. of 35% sodium 
acetrizoate (Urokon sodium). 

Autopsy—All_ grafts 
either as a block was demonstrated or 
when the animal was killed. Microscopic examina- 
tion of representative specimens was made, with 
particular attention to smooth muscle and elastic 
tissue demonstration.* 

Arterial Pressure Studies.—Pulse wave and blood 
pressure transmission was recorded electronically 
through an 18-gauge needle placed above and below 
the by-passed segments. 


were examined grossly 


aS soon 


Evaluation of Results 

Graft Patency.—The final analysis of this 
series of 42 animals having venous shunt 
grafts shows that in 25 the graft remained 
patent, for a 60% incidence of successful 
results (Table 2). This over-all patency 
percentage requires modification, as follows. 

It was soon recognized that placement of 
a saphenous vein graft into a dog’s femoral 
artery requires a more delicate technique 
than placement of homologous arteriografts. 
However, with attention to detail, these 
small venous grafts could be placed quite 
successfully. Table 3 lists the grafts in 
chronologic order as they were placed by 
five individual operators. This Table indi- 
cates that there were a number of failures 
before technique was sufficiently developed 
to allow proper placement of the graft. For 
instance, Operator V achieved a successful 
result only with the sixth operation, and 
Operator W, with the ninth attempt. The 
first three attempts by Operator W are 


* Dr. Terry, of the Department of 
Pathology, aided in interpretation of the slides. 


Roger 
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TABLE 2 


Days Graft Immediate Pressure Cause 
No. Followed Length, Cm. Result Arteriograms Study Death Autopsy 


5119 790 Good 5 open No Killed Open 
5237 5 Good 4 open No Killed Open 
5254 7 Good 4 open No Alive 

5248 5 Good 3 open No Alive 

5235 Good 4 open No Urokon f Open 
5349 5 5. Good 4 open No Killed Open 

5486 ’ Good 4 open No Killed Open 
685 5. Good 4 open No Killed Open 


5255 Good 2 open; 1 blocked No Killed Open at Op., 146th day; blocked 
later 


6157 Good 4 open No Killed Open 
6233 Ble 5 Good 3 open Yes Killed Open 


6321 24: Good 3 open Yes Killed Open; slight constriction of proxi- 
mal anastomosis 


6290 Good 3 open Yes Killed Open; severe narrowing of prox. 
anastomosis 


6375 § Good 3 open Killed Open 
618 ‘ Tight 2 open Killed Open 
(451 Good 2 open Killed Open 
5270 Good 2 blocked Killed Solid thrombosis 
Good 1 open Killed Open 
Good 1 open Killed Open 
Good 1 open Killed Open 
Good lopea N Killed Open 
Good 1 open Alive 
Poor 1 blocked Killed Graft fibrotic 
Too long 1 blocked Killed Solid thrombosis 
Good 1 open Killed Open 
Good 1 blocked Killed Solid thrombosis 
Good 1 open Killed Open 
Killed Graft fibrotic 
1 blocked N Killed Solid thrombosis 
1 blocked Urokon t¢ Solid thrombosis 
1 open Alive 
? 1 blocked Urokon Solid thrombosis 
? 1 blocked Killed Solid thrombosis 
Good 1 blocked Killed ? 
1 open Killed Open 
5115 1 blocked N Urokon f Prox. thrombus 
4384 1 blocked Killed Prox. thrombus 
5130 2 Poor 1 blocked Killed Thrombus 
6190 Too long Killed Infected, thrombus 
5194 Good Killed Open 
6308 3 Geod Killed Thrombus 


2 Poor Distemper ” 





* Femoral vein graft rather than the usual saphenous vein graft. 
+ Urokon is sodium acetrizoate. 
t Iliofemoral position of graft rather than the usual femora) position. 
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TABLE 3.—Vein Shunt Grafts to Show Increasingly 
Successful Patency of Graft with Operator’s 
Experience * 
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Patency ratio 9:17 





* C indicates closed; O, open. 
t Intraluminal pressure study. 


placed in parentheses to indicate that these 
grafts failed immediately because of tech- 
nical error, so that no long-term study 
was made of the animals. If the percentage 
of graft patency is recalculated, starting 
with the first successful graft accomplished 
by each operator, it is found that 24 of 
28 grafts remained patent, for an over-all 
patency rate of 86%. It may further be 
seen from examination of Table 3 that as 
experience increased there was great assur- 
ance that the graft could be successfully 
placed. The last graft placed by Operator 
V has an asterisk indicating that an intra- 
luminal pressure study was done, and it was 
thought that this procedure accounted for 
the early thrombosis in that instance. 

The above observations lead to the belief 
that with experience one can place auto- 
genous venous grafts in the femoral arteries 
of dogs with predictable success. 

Early in this experience it was found 
helpful to place a % to 1 in. segment of 
polyethylene tubing within the anastomosis 
during the time that the suture was being 
placed to ensure that there was no constric- 
tion of this anastomosis. With increasing 
experience, this procedure was discontinued 
because it was unnecessary and might cause 
intimal damage. 

Anticoagulants were used only as a solu- 
tion of heparin (50 mg. in 200 cc. of saline) 
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to irrigate the femoral artery after it was 
opened and to wash out the vein graft 
thoroughly. No anticoagulant was adminis- 
tered to the animal at any time, since it is 
believed that with short periods of occlusion 
this is not necessary. The average time of 
occlusion was between 25 and 50 minutes. 
In patients, on the other hand, it is felt that 
distal-vessel heparinization is useful as an 
added measure of safety, and during occlu- 
sion a heparin solution is dripped via an 
indwelling polyethylene catheter. 

Since arteriograms were made by inject- 
ing the dye either through a needle placed 
in the aorta or through a catheter threaded 
up the contralateral femoral artery to the 
bifurcation of the aorta, there was some 
dilution of the dye before reaching the shunt 
graft. There was no evidence that 
arteriogram ever contributed to thrombosis 
in this series. 


any 


The ill effects of hematomas and infec- 
tions are recognized, and several of the 
occluded grafts were associated with such 
complications. Infection was unusual, and 
antibiotics were never given to the animal 
as a prophylactic measure; but when infec- 
tion. did occur in the wound, the graft 
ordinarily became thrombosed. This sug- 
gests strongly that every precaution must 
be taken to avoid infection. Proper tissue 
technique is to be emphasized in this con- 
nection much more than antibiotic prophy- 
laxis. 

The intraluminal pressure studies are dis- 
cussed below. Early in this experiment 
pressures were taken from within the graft 
itself by plunging a needle through the wall 
of the graft or by tying a small polyethylene 
cannula in through a vein tributary. It 
was soon recognized that this procedure was 
causing thrombosis, and the practice was 
discontinued. This did cause several of the 
grafts to become thrombosed, however. For 
this reason, Table 3 indicates which animals 
had these pressure studies. 


Five autogenous vein grafts were placed 
from the iliac artery down to the femoral 
artery as it coursed beneath Poupart’s liga- 
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ment. None of these grafts became throm- 
bosed. 
Arteriograms.—Twenty-five 
vein shunt grafts that were patent at the 
time of initial arteriographic study have 
been followed at intervals with subsequent 
described. Observations 


peripheral- 


arteriograms, as 
from 57 arteriograms followed for periods 


of over one year are listed in Table 4. 
There was no aneurysmal dilation in the 
vein 


venous autografts. In some of the 
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Fig. 2.—Arteriograms of vein shunt graft at 71, 
246, and 455 days show little change (71-day film 


is reversed). 


grafts there were rather large anastomoses 
with considerable positive disproportion in 
the graft-artery ratio, although it was not 
with these grafts that there was difficulty 
with function or long-term thrombosis. The 
small degree of initial dilation with a general 
positive disproportion also did not result in 
thrombosis. Julian *’ and Fontaine have 
made similar clinical from 
arteriograms twe and one-quarter to four 
years postoperatively. We believe, therefore, 


observations 
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TasLe 4.—Long-Term Comparison of Venous Autografts and Arterial Homografts 


y] 








Arteriographic 
Follow-Up, 
Days 


Change in 
Vesse 


Dog No. Tension 


Diameter 


Ridges Comment 


Venous Autografts 


Generalized 


1mm, Tight 


No change Tight 


Loose from 
start 


Mod. loose 
Tight 
Tight 


Generalized 
<2mm. f 


No change 
No change 
No change 


Generalized Slightly 
Imm, f loose 
No change Mod. loose 
Generalized 

Imm. f Loose 
Generalized 


1mm. Loose 


Rare 


Few 


Mod. Ridges decrease with time 
Few 
None Short graft 


Rare Severe constriction from start; blocked 404 


days 
None 


Few Ridges decrease with time 


Few Ridges decrease with time 


Mod. 


Arterial Homografts 


Generalized 
O-lmm. | Tight 
Generalized 
1mm. Tight 
Central 
01mm. | Tight 
Central 


1-2mm. |} Tight 


None 


Length decreased with time 





that a small degree of positive dispro- 
portion of the graft-artery ratio is not 
critical in the etiology of late thrombosis 
and do not confirm a previous suggestion 
that this positive disproportion predisposes 
to thrombosis.** 

It does appear, however, that a decrease 
in the diameter of the vessel lumen at the 
anastomosis predisposes to late thrombosis. 
The vessel shown in the first arteriogram of 
Dog 5255 was so narrowed that it seemed 
to be blocked, but on exploration the vessel 
was found patent and the wound closed. 
Later films and autopsy revealed a complete 
fibrous block of the proximal anastomosis 
at this site of narrowing. Similarly, the 
graft in Dog 6290 appeared narrowed at 
the proximal anastomosis. On gross exam- 
ination of this area after the dog was killed, 
a fibrous proliferation was found that se- 
verely narrowed the graft lumen. These 
observations lead to the belief that constric- 
tion of the graft or host vessel predisposes 
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to late thrombosis, particularly if this occurs 
at an anastomosis. 


As compared with the arteriograms of 
some 43 arterial homograft shunts previ- 
ously placed and reported by Mavor,** it 
was found that the vein grafts did not re- 
main as tight as they usually appeared at 
operation, whereas the homografts were 
usually quite straight. One homograft (Dog 
5188), initially slack in the arteriogram, be- 
came straight in follow-up films. There are 
two explanations for these observations. 
First, the thin vein cannot be stretched 
tightly at operation, as can the arterial 
homograft, without damage to its wall. 
Second, although all layers of the vein graft 
are infiltrated te some extent with fibrous 
tissue, it rema.ns a viable organ, whereas the 
homograft is completely replaced with 
fibrous tissue. There was no dilation of the 
homografts. In a few instances there was 
a slight increase in the caliber of their 
lumen, as has been reported by Sauvage. 
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Secondary contraction of the relatively large 
amount of fibrous tissue in the homograft 
would explain this shortening and narrow- 
ing. 

One unexplained observation in the vein 
grafts that were placed with as little tension 
as possible was the development of thin 
fibrous ridges (arteriograms, Fig. 2). These 
were unusual in vein grafts put in under 
more tension. They were not cdserved in 
the arterial homografts. 

Microscopic Study.—Forty-four _ tissue 
slides were studied from 14 specimens. The 
elapsed period from operation to killing 
varied from 39 to 790 days. 

In general the microscopic study corrobo- 
rated previous reports. In all slides 
endothelium was present and appeared 
viable.*1* There was fibrous thickening of 
the intima, media, and adventitia of all 
specimens *:*4,31,50.52 without definite char- 
acteristics by which the earliest vessels 
examined could be distinguished from the 
oldest at 790 days. The wall of all grafts 


had increased and closely matched the adja- 
cent artery wall in thickness. Adventitial fi- 
brosis extended across the anastomosis to 
the adjacent arterial wall with a small 
amount of foreign-body reaction, presuma- 
bly due to the suture material. 


A continuous layer of interlacing elastic 
tissue was present in all specimens. It was 
frayed by fibrous infiltration and decreased 
the found in the 
saphenous vein, Smooth muscle was present, 
with a normal viable appearance in all 
specimens. It was difficult to say that there 
was any muscle proliferation or hyper- 
trophy, which finding agrees with previous 
reports.*#*:52, We could find no instance 
of decrease in smooth muscle, although its 
fibers, too, were separated by fibrous infil- 
tration. 


from normal amount 


There was a sharp contrast between the 
autogenous saphenous vein grafts and the 
homologous arterial grafts that had been 
preserved by freezing. In essence, an ar- 
terial homograft studied 770 days after 
placement appeared as a fibrous tube with 
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little cellular endothelium. There were sev- 
eral small clumps of unconnected, frayed 
elastic tissue and rare smooth muscle cells. 
The homograft had not thickened; in fact, 
in some areas it had obviously thinned out 
(Fig. 3C). 

The autogenous vein graft up to the 
maximum period of observation (790 days) 
had the cellular appearance of a viable trans- 
plant (Fig. 3A and B). This is particularly 
evident when the microscopic appearance is 
compared with that of preserved homolo- 
gous arterial grafts that have been 
planted in the same area of the arterial tree 
and followed over a similar period. The 
nearly complete replacement of the homo- 
graft by fibrous tissue may well predispose 
it to the degenerative changes that have been 
reported, and have been noted in our homo- 
graft experiments.12:21,25.31,44,45 


im- 


Pulse Pressure Tracings.—The pattern of 
the pulse wave and the mean blood pressure 
transmitted across a vein graft were meas- 
ured as described. There was little differ- 
ence in the pulse wave measured above and 
below the graft unless there was constriction 
at the anastomosis or in the graft itself, 
either at the time of the original grafting 
procedure or at reexploration, after varying 
time periods. 

Figure 4A is a record of the pulse trans- 
mitted over a graft that had been in place 
for 790 days. There is little difference in 
the tracing above or below the graft. A 
more complete damping of the pulse wave 
is seen in Figure 4B. A clot was removed 
after this record was made, with consider- 
able increase in the amplitude of the pulse 
transmitted distally. The graft, however, 
was occluded at the time of the first arterio- 
gram, two months later. Records of pulse 
wave and blood pressure were obtained in 
the same manner in long-term arterial 
homografts. Under comparable conditions 
the observations were identical with those 
of the venous autografts. These results con- 
firm the earlier work of Carrel in 1906, who 
reported two instances where there was a 
slight drop in pressure over the graft in- 
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Fig. 3—(A) Autogenous saphenous vein shunt (Dog 6157) 368 days after grafting. The 
valve persists without change. All layers are thickened with fibrous infiltration. It is well 
endothelized. Smooth muscle and elastic tissue (black) persist. (B) Vein graft-artery 
anastomosis (Dog 5237) 680 days after grafting. Little difference in changes of elastic tissue, 
smooth muscle, or endothelium. (C) Arterial homograft-artery anastomosis (Dog 569) 770 
days after grafting. An arterial homograft on the left; the host vessel on the right. Elastic 
tissue is grossly fragmented; the graft is primarily fibrous tissue. Rare cells of smooth-muscle 
appearance are found. 
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SAPHENOUS VEIN AUTOGRAFT 


PROXIMAL 























DISTAL 


Fig. 4.—Intraluminal pressure recording proximal and distal to vein graft. W 
(B) Almost completely blocked graft on operative day fails to 


patent graft at 790 days. 
transmit pulse wave properly. 


itially, the pressure returning to normal 
when remeasured in less than two weeks.‘ 
Johnson ** evaluated 17 vein grafts in the 
aorta and found no significant change in 
pulse and pressure transmissions across the 
graft 3 to 14 months after grafting. 


Comment 


While the early results of autogenous 
vein grafting in dogs was discouraging in 
terms of thrombosis, it became apparent that 
this problem could be solved by experience. 
A technique that allowed patency with an 
artery transplant required further polish to 
permit good results with transplanted veins. 
With proper care, however, a patent vein 
graft could be obtained. 

On the basis of these observations, it is 
believed that the autogenous vein graft per- 
sists as a living tissue without muscle or 
elastic tissue loss and that blood is carried 
through without loss of pressure characteris- 
tics. 

The reported dilatation, aneurysm forma- 
tion, and perforation appear related chiefly 
to vein replacement of a large vessel such 
as aorta, while these changes have not or- 
dinarily occurred with smaller (peripheral) 
vein grafts. The explanation for this is not 
obvious, since there is little difference in 
blood pressure between the aorta and the 
femoral artery. Further, it does not seem 
likely that the explanation of lack of ex- 
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(A) Widely 


ternal muscle support is valid, since experi- 
mental rigid external supports have not 
prevented aneurysm formation of venous 
grafts to the aorta. 

A more likely explanation appears to lie 
in the lumen size of the replacement. If a 
blood vessel be considered as a cylinder, by 
the Laplace Law 

i=aPR 
where T is the tension in the wall, in dynes 
per centimeter of length, P is the excess of 
pressure within over that without, in dynes 
per square centimeter, and FR is the radius, 
in centimeters. Since the blood pressure 
changes vary little from aorta to femoral 
artery, whereas the radius changes consid- 
erably, it is the radius (R) which chiefly 
governs the change in wall tension (7) from 
the small to the large vessel. It seems likely, 
therefore, that the tension (7) for an aortic 
replacement is often so great as to cause 
dilatation and rupture of elastic and collagen 
fibers in a vein wall, but it is not great 
enough to do this often in the femoral or 
the popliteal position. While dilatation and 
aneurysm are not unknown in peripheral 
vein grafts, they appear uncommonly, and 
did not occur at all Until 
recently we have invariably used homo- 
logous arteries 


in our series. 


vascular 
En- 


for peripheral 


shunts for arterial occlusive disease. 


+ Burton discussed the relation of this law to 
blood vessels.™ 
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couraged by the experimental results detailed 


above, we have recently begun the use of 


autogenous vein shunts, with complete satis- 
faction in the two cases in which the opera- 
tion has been done to date. 


Clinical Report of Case 
\ 77-year-old white man was studied for progres- 
the left 
femoral arteriogram revealed a 


sive claudication of calf of six months’ 


duration. A left 


segmental atherosclerotic occlusion of the super- 
ficial femoral artery near the adductor canal with 
proximal scalloping of the vessel. The distal “run- 
off” arterial system was poor in that the posterior 
tibial visualized at all and there 


artery was not 


Fig. 5.—Arteriograms of 77-year-old man (A) 
with superficial femoral arterial block and (B) 
with reversed saphenous autogenous vein graft in 
place 11 days after operation. 


A, M. A. ARCHIVES OF SURGERY 
was only a narrow communication to the anterior 
tibial artery. Nevertheless, because of the severity 
of symptoms, a reversed saphenous vein graft was 
placed on May 8, 1957, as a shunt between the 
proximal superficial femoral artery and the popli- 
Figure 5A illustrates the pregraft 
arteriogram, and Figure 5B, the postgraft arterio- 


teal artery. 


gram, with the reversed saphenous vein in place. 
Postoperatively the graft has functioned very well, 
and there has been a return of the dorsalis pedis 
pulse. Whereas oscillometric determination before 
operation showed no pulsation in the left calf or 
ankle, there is a 2-unit pulsation in the left calf 
and a 1.5-unit pulsation at the left ankle following 
operation, 

Comment.—This graft was placed by the 
same technique as that developed in the 
laboratory, by which all branches were tied 
before cutting and careful irrigation with 
heparinized saline was used as soon as the 
graft was removed. The anastomoses were 
made to ensure large stomas, and the graft 
carried an excellent pulsating column of 
blood immediately upon being opened to 
flow. This case illustrates well the possibil- 
ity for placement of a long autogenous vein 
graft in the peripheral system but does not 
imply that we have completely abandoned 
arterial homografts yet. 


Summary and Conclusions 


A series of 42 autogenous vein grafts used 
to replace peripheral segments of the femoral 
artery in dogs have indicated that with care- 
ful technique this replacement can be made 
satisfactorily with long-term patency up to 
Arteriographic 
analysis shows that there has been only 
minor dilatation and no aneurysmal forma- 
tion. Such a graft carries a normal pulse 
pattern through to the distal artery. In the 
two-year period of follow-up study the auto- 
genous vein remains an endothelized, viable 
graft without loss of smooth muscle. The 
elastic ‘tissue is decreased but remains as a 
distinct layer with fibrous infiltration. This 
experience, as well as that of others and the 
consideration of physical laws, indicates that 
autogenous vein grafting is feasible for 
peripheral vascular replacement. 


somewhat over two years. 


Surgical Research Laboratory, 
Rochester School of Medicine. 


University of 
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DISCUSSION 


On Papers BY CRAWFORD, COOLEY, AND DEBAKEY; 
Pratt; ROSENBERG, HENDERSON, LorD, GAUGHRAN, 
AND DouGLas; HarMovicri; MAIER, AND STRAUSS; 

BryANt AND Howarpb, AND JONES AND DALE 

Dr. STERLING Epwarps, Birmingham, Ala.: I 
have enjoyed all the papers very much. I wish 
to limit my comments to the papers of Dr. Pratt 
and Dr. DeBakey. I congratulate them on the 
excellent results that they have had with so many 
different types of prostheses. We have also felt 
that some of the characteristics of synthetic re- 
placements are not yet ideal, some being too thick. 
In an effort to understand degeneration of yarn 
after implantation of several months, we have 
inserted four types of tubes in the same dog. 

Dr. D. E. Szmacyt, Detroit: The need for the 
quality of elongation or elasticity in arterial 
prostheses has long been evident to those interested 
in arterial replacement. Dr. Edwards has ap- 
proached the problem of imparting this quality 
to a plastic woven tube in a most ingenious way 
and, as you have seen, with fine results. Our own 
approach has been different. About two years ago 
we became aware of the possibility of weaving 
seamless tubes from a yarn made of nylon fibers 
subjected to the so-called “Helanca” process. In 
this patented process the individual fibers are given 
a heat-set twist, somewhat in the fashion of a 
“permanent wave.” The yarn composed of fibers 
so treated, and having opposite twists, has the 
ability to stretch and to recoil, and the fabric 
woven with the yarn obtains an elastic quality. 

After a rather extensive laboratory trial, about 
a year ago we began to use seamless tubes made 
of “Helanca” nylon yarn in clinical cases and 
found them most satisfactory in iliac and femoro- 
popliteal replacements. The early results with the 
use of this prosthesis compare well with the early 
results of homografts in the anatomical areas men- 
tioned. More recently tubes of similarly elasticized 
Dacron have also become available. 
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Dr. NorMAN E. FREEMAN, San Francisco: It is 
a great pleasure to be able to discuss this group of 
excellent papers. 

To give an account of our failures, while embar- 
rassing, may be worth while. We have had one 
patient who apparently was sensitive to the syn- 
thetic material used in making up one of the 
Edwards-Tapp grafts. He developed an intense 
allergic response, with the accumulation of sterile 
serous-exudate; thrombosis of the graft actually 
took place. 

In another patient, hemorrhage occurred five 
days following the use of a homograft, without 
signs of infection. We were fortunate in being 
able to get a microscopic study of a portion of the 
homograft which had been inserted before, at the 
time of the initial operation, and again at the time 
that the graft was removed because of bleeding. 
The sections taken five days after implantation 
showed complete disorganization of the graft. 
There was no evidence of infection. 

I am still in favor of thromboendarterectomy for 
obliterative arterial disease, even though a longer 
time is required, since it is possible to preserve 
the collaterals. If thrombosis should occur, either 
proximal or distal, in our experience we have 
found an improvement in the circulatory status of 
the leg. 

I have one suggestion to make in the use of 
synthetic graft material, to cut down the loss of 
blood. We naturally remove the lower clamps first, 
to allow retrograde bleeding. After this hemor- 
rhage has ceased spontaneously, we then release 
the aorta for one or two cardiac contractions and 
then reapply clamps for a period of one minute. 
This maneuver is carried out in order to permit 
thrombosis of the fresh arterial blood in the ap- 
pertures, which are the source of the bleeding. 
After another half-minute, the clamp is again re- 
leased fur a few seconds, and if further bleeding 
takes place, the clamp is again reapplied. With this 
technique I believe that our blood loss can be 
materially reduced. 

Again, let me say how much of a privilege it 
has been to hear these splendid papers. 

Dr. R. Linton, Boston: I have enjoyed these 
papers and wish to compliment the essayists on 
their excellent presentations. I wish there were 
more time to discuss many of the questions that 
these papers have brought up, but I shall limit my 
remarks chiefly to the discussion of the use of 
arterial homografts, utilizing the end-to-side by- 
pass technique, in the treatment of occlusive disease 
of the femoral artery. We apparently have been 
more successful in late good results than most 
clinics, and this may be due to our methods of 
preservation and sterilization of these homografts. 
This is done by the frozen-irradiated technique 
described by Meeker and Gross. This method not 
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only preserves the homograft, as well as, or better 
than, other methods, but it also permits one to 
take arteries from patients irrespective of what 
the cause of death is. In the three years from 1954 
to 1956, inclusive, I have implanted 117 femoral 
homografts by the end-to-side technique, many of 
them extending from the external iliac artery to 
the distal popliteal artery. In this group, there 
have been 18, or 15%, late failures and 99, or 85%, 
successful ones. It is of extreme interest that the 
cause of failure of 9 of these 18 cases was a poor 
“run-off”; in 3 it was a poor inflow from diseased 
arteries. It was not apparent in five, and sepsis 
was the cause of failure in one instance. In this 
group of patients it can be stated without reserva- 
tion that no patient lost a limb as a result of the 
grafting procedure who would not have lost it 
otherwise. In all, there were five cases in which 
amputation was done. 

It is my opinion that the arterial homograft can 
be utilized in many instances where a prosthesis 
could not be used because of the poor quality of the 
distal popliteal artery. 

In conclusion, I would like to state that we are 
still interested in a search for the ideal prosthesis; 
but as yet, if I had a choice between what is avail- 
able and an arterial homograft, I should choose 
the latter. 

Dr. RicHARD WARREN, Boston: I want to con- 
gratulate the speakers and make two brief com- 
ments. The first is how much I enjoyed Dr. 
Bryant’s paper. Dr. Horsley, in our laboratory, 
has worked with this problem of grafting into veins 
and has found exactly the same thing that Dr. 
Bryant did. In the femoral veins of dogs auto- 
grafts have always survived if the technique is 
extremely careful, whereas homografts, with the 
same technique, have always clotted. Dr. Bryant's 
ingenious experiment to demonstrate the reasons 
for this has important implications. 

The 
various 


other comment is on the 


types of 


follow-up on 
arterial reconstruction. In de- 
scribing our results, we have two important as- 
pects to consider. The first is that of the screening 
and selection of patients who should be operated 
upon, and technical considerations, all aiming at 
getting the patient out of the hospital well, with 
an open reconstruction. The second matter is the 
long-term follow-up. I think that these two issues 
should always be separated in reports of results, 
and that in reporting the latter the time has come 
where we should not make remarks like “so many 
segments have remained open up to two years,” but 
that we should say “so many segments have re- 
mained open, the shortest follow-up being two 
years.” 

Dr. THomas C. Moore, Muncie, Ind.: I wish to 
congratulate Dr. Bryant and Dr. Howard on their 


interesting study. Success in venous replacement 
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clearly is more difficult to achieve than in artery 
grafting. Both synthetic vascular prostheses and 
homografts, materials which have proved successful 
in arterial replacement, have failed experimentally 
as venous grafts. It would appear that the greatest 
likelihood of success may lie in the use of auto- 
genous tissue for venous replacement or by-pass. 
With this thought in mind, Dr. Riberi and I have 
attempted during the past year, in the surgical 
laboratory of the Indiana University 
Medical Center, to achieve superior vena caval 
replacement with three types of autogenous tissue— 
free tubes made of autogenous pericardium, pedicle 
tubes constructed from right atrium and appendage, 


research 


and free tubes of autogenous aorta. 


Free tubes of pericardium were used to replace 
resected segments of superior vena cava in 12 dogs. 
Although the immediate function of these tubes 
at the time of operation appeared to be satisfactory, 
all of them failed, as a result of thrombotic occlu- 
sion. 

Pedicle vascular tubes were made from the right 
atrium and appendage and were employed for 
superior vena caval replacement in 24 dogs. The 
tubes and atriocaval anastomosis remained patent 
up to six months following operation in 23 of the 
24 animals. The only failure was due to a technical 
error in suture placement, rather than to throm- 
The likelihood of retention of patency of 
atriocaval anastomoses has already been demon- 
strated by Gerbode and his associates. 


bosis. 


Lastly, the availability of suitable means for 
aortic replacement suggested to us the possibility 
of using autogenous aorta for vena caval replace- 
ment. To our knowledge, autogenous aorta had 
not been employed previously in vena caval replace- 
ment. Superior vena caval replacement with auto- 
genous thoracic aorta was carried out in 35 dogs. 
The resected thoracic aorta was replaced with an 
alcohol-preserved aortic homograft. Sixteen of the 
animals have died or have been killed, and nineteen 
are living. ‘The patency and-continued function of 
the graft of autogenous aorta in the superior vena 
cava have been. investigated by autopsy or cavogram 
or both in 26 animals up to three months following 
operation. In all of them the graft has remained 
patent and free of thrombotic or fibrotic narrowing 
or occlusion. The remaining nine living animals, 
which have not been studied by cavogram, are all 
free of clinical evidence of superior vena caval 
obstruction. From these initial observations, it 
would appear that the clinical suitability of the use 
of autogenous aorta in selected cases of vena caval 
obstruction due to benign causes is, perhaps, worthy 
of consideration. 

Dr. Witttam G. ANLYAN, Durham, N. C.: I 
would like to congratulate’ Dr. Bryant on his very 
nice paper. Dr. James Schauble, one of our resi- 
dents, and I have been working on a similar project 
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and have now followed 60 grafts in the venous 
system of dogs for a period of follow-up of three 
to six months. We have been interested in auto- 
grafts, homografts, and nylon grafts. These have 
been inserted in the jugular vein, in the femoral 
vein, and in the femoral vein with the vena cava 
ligated. One of the important things that we 
learned early in our experience was that the graft 
that is inserted should be approximately one and 
one-half times as long as the defect created in the 
venous system. Approximately 85% of our auto- 
grafts have remained patent for a follow-up period 
of three to six months, regardless of whether they 
were inserted in the jugular system, or in the 
femoral veins, or in the femoral veins with con- 
comitant ligation of the vena cava. Under similar 
conditions about 30% of the homografts remained 
patent. All the nylon grafts were thrombosed or 
recanalized in the period of follow-up. 

Dr. Brooke Roserts, Philadelphia: Dr. Craw- 
ford mentioned the difficulties that arise both in 
the procuring and in the preparation of arterial 
homografts, and we agree that they are often very 
real. There is no doubt that they constitute a potent 
stimulus to the finding of some substitute material 
that will be equally good and more readily obtain- 
able and prepared. I was wondering, however, 
whether or not the authors prefer to use a homo- 
graft or a prosthetic graft in a situation where 
both are readily available. 

In Philadelphia recently the American Heart 
Association has sponsored a cooperative program 
with the Medical Examiner’s Office for the pro- 
curing of homografts from the city morgue. These 
grafts are then distributed to the various institu- 
tions where equipment for their preservation has 
been set up. In this way the political aspects of one 
institution having access to the material from the 
city morgue and another not is avoided. This type 
of program is a possible solution to the problem 
of obtaining grafts that might be employed 
throughout other cities and institutions in the 
country if they are unable to get homografts in 
sufficient number. 

Dr. J. CurHBert Owens, Denver: Late arterial 
thrombosis in an extremity previously subjected to 
definitive arterial surgery or in a separate periph- 
eral artery is an ever-present problem. In our 
early arterial grafting, we noted that many of our 
patients later developed coronary, cerebral, or some 
other peripheral artery thrombosis. In cases of 
late local thrombosis there was almost invariably 
a questionable narrowing in the distal arterial tree. 
Therefore, all of our patients for the past two 
years have received long-standing anticoagulant 
therapy. The period of observation is short, but to 
date not one of these patients has developed a 
similar episode of thrombosis in a separate artery. 
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One patient with the Leriche syndrome had two 
separate aortic-bifurcation grafting procedures two 
years ago at another hospital for thromboses; he 
refused a third grafting operation. Four months 
after the second procedure, he was placed on long- 
standing anticoagulant therapy; after one year we 
observed that the femoral arteries had developed 
excellent pulsations, which had definitely not been 
present previously. With less chance of the arterial 
thrombosis increasing, recanalization had a better 
chance to develop. Such therapy seems to us to 
draw attention to the over-all problem of a general- 
ized disease rather than to local interest in the 
extremity only. 

I suggest that you seriously consider the pos- 
sibility of long-standing anticoagulant therapy for 
many of these patients. 

Dr. E. S. Crawrorp, Houston, Texas: In regard 
to Dr. 


of prostheses 


Linton’s comment regarding applicability 


our experience agrees with his. Still, 
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it is our experience that in patients with peripheral 
occlusions success in relief of pain or claudication 
has been 90%. 1 do think that the 
trend has been established toward development of 


very near 
prostheses that will be very satisfactory as substi- 
tutes. We avoid the use of anticoagulant drugs 
At most, we may use herapin during operation in a 
total dose that does not exceed 20 mg. 

Dr. W. ANpREW DALE, Rochester, N. Y.: It ap- 
pears that peripheral venous autografts may have 
The 
dilatation and aneurysm formation of vein grafts 


fallen into disrepute without proper trial. 


replacing aorta are recognized. However, they are 
far less apt to occur in the peripheral system, where 
the smaller vascular diameter results in a lower 
tension of the vein wall (by Laplace’s law). This 
study suggests further trial of autogenous venous 
grafts to by-pass the femoral artery in humans, 
particularly since arterial homografts have certain 
inherent disadvantages, including nonavailability at 
times. 
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An Evaluation of Stripping Versus Ligation for 


Varicose Veins 


KARL A. LOFGREN, M.D.; ALBERT P. RIBISI, M.D., and THOMAS T. MYERS, M.D., Rochester, Minn. 


In the past many methods for the surgical 
treatment of varicose veins have been used. 
Among these, the most favored have been 
high ligation with retrograde injection and, 
in more recent years, the complete-stripping 
procedure. In order to evaluate these two 
common surgical procedures for varicose 
veins, we made the comparative study to be 
reported here. 


Background Information 


Certain background information is essen- 
tial to a proper understanding of the basis 
of this study. The surgical treatment of 
varicose veins during the past few decades 
has gone through a cycle of methods—from 
radical dissection and extirpation; through 
extraluminal and intraluminal partial strip- 
ping, injections with sclerosing solution, 
high ligation with or without retrograde 
injections, and multiple-level ligations, to 
modern complete stripping. Madelung,’ in 
1884, advocated extirpation of the greater 
saphenous system with ligation of the com- 
municating veins through a long incision in 
the thigh and leg. This was a formidable 
procedure, with an appreciable mortality 
rate. Trendelenburg,” in 1890, recommended 
ligation in the middle third of the thigh 
and also brought back to the surgeon’s 
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attention the tourniquet test described by 
srodie 45 years previously. 

Keller,’ in 1905, introduced the first in- 
traluminal stripper, which consisted of a 
twisted wire; this he threaded through the 
lumen of the vein, tied the vein around 
it, and then inverted the vein and removed 
it by pulling the wire out. Mayo,* in 1906, 
described his extraluminal stripper for re- 
moving large segments of vein. Recurrences 
were common because the saphenous vein 
was removed only from the middle third of 
the thigh to the middle third of the leg, 
and reestablishment of the saphenous 
system through collateral channels usually 
occurred. Babcock,5 in 1907, produced a 
stiff intraluminal stripper with a 
acorn-shaped tip, which he passed through 
the vein. The vein was inverted on the 
stripper and thus removed. 


small 


Homans,® in 1916, strongly advocated 
ligation at the saphenofemoral juncture in 
order to prevent recurrences, In extensive 
varicosities he also advised radical excision 
and stripping. Moszkowicz,* in 1927, de- 
scribed high ligation combined with retro- 
grade injection of dextrose solution. In the 
United States, de Takats,* in 1930, con- 
tributed a valuable report on high ligation 
followed by injections, Edwards ® presented 
an excellent anatomic study of the greater 
1934. Mahorner 
Ochsner,’® in 1938, recommended multiple- 


saphenous vein in and 
level ligations to prevent recurrence caused 
by deep communicating veins. About 1938 
Linton ™ became an outstanding advocate of 
stripping, using an intraluminal stripper. 
He also emphasized the important role 
played by the communicating veins of the 
leg in venous insufficiency. In 1944 Hodge, 
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Grimson, and Schiebel** reported an ex- 
cellent study on extraluminal stripping. 
Later, Sherman?* contributed several out- 
standing papers on the anatomy of the 
saphenous systems and the perforators of 
the lower extremity. In recent years intra- 
luminal stripping has been advocated by 
many surgeons, including de Takats* and 
McPheeters.'* Today stripping is generally 
accepted as the surgical treatment of choice 
for varicose veins. 

At the Mayo Clinic, surgical treatment 
for varicose veins was direct dissection and 
partial extraluminal stripping from the 
beginning of this century to about 1927. In- 
jection therapy alone then became the stand- 
ard treatment during the next 10 years. In 
1937 high ligation combined with retro- 
grade injections became the accepted treat- 
ment. Complete stripping with a flexible 
intraluminal stripper having a larger acorn- 
shaped tip, which aided in telescoping of 
the vein, was started by Myers,” in 1947. 
By 1950 complete stripping was carried out 
for all patients who underwent surgical 
treatment for varicose veins. To date, more 
than 6000 stripping operations have been 
performed at the Clinic. 


Procedure and Material 


The follow-up results from a group of 200 pa- 
tients chosen at random from those who under- 
went high ligation and injection in 1940 were 
compared with those from a similar group of 209 
patients who underwent complete stripping in 
1950. The 1940 group was selected because in that 
year high ligation with retrograde injection was 
the treatment of choice for varicose veins at the 
Mayo Clinic and all the operations were performed 
by two surgeons. The 1950 group was selected 
because by that year complete stripping had become 
the accepted surgical treatment for all patients 
with varicose veins and all the stripping operations 
were carried out by another two surgeons. It was 
felt that sufficient time had elapsed since operation 
in both groups to make the 
reliable as an index of success or failure for each 
surgical procedure. 


follow-up results 


Follow-up examinations were carried out one 
or more years after operation on 137 patients 
operated on in 1940 and on 158 patients operated 
on in 1950. Examinations were carried out five 
years or more after operation on 101 patients in 
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the first group and on 81 patients in the second 
group. Follow-up letters were sent to all patients 
who had not been examined within the past two 
years; 58 patients of the 1940 group and 79 of the 
1950 group reported on the present condition of 
their limbs. Although the reports from these 
patients indicated that the results they had obtained 
paralleled the objective findings recorded at follow- 
up examinations of the other patients in this study, 
these reports were not used for the objective 
evaluation of results reported here. 


1940 Group (High Ligation)—The 200 
patients included in this group were chosen 
at random from about 400 patients who 
were operated on for varicose veins in 1940. 
Only patients with disturbances of the 
greater saphenous veins were included in the 
study. Patients with extremities in which 
there was an associated chronic deep venous 
insufficiency were also excluded in order to 
keep out all factors that otherwise could 
influence the course of the varicose condi- 
tion. Only patients still living were included. 

In this group there were 144 women and 
56 men who underwent high ligations at the 
saphenofemoral juncture; 310 ligations were 
done. Retrograde injection of 3 to 5 cc. 
ef 5% solution of sodium morrhuate into 
the distal saphenous trunk was routinely 
done at the time of operation. Local 
anesthesia was used, and the patient was 
able to leave the hospital the same day, as 
an outpatient. During the immediate post- 
operative period the remaining varices in 
the thigh or leg were injected with 5% 
solution of sodium morrhuate. All patients 
required this subsequent injection therapy, 
the average amount per patient being 14 cc. 
The average age of the patients was 56 
years, the range being from 38 to 77. The 
average duration of symptoms was 15 years. 
Twelve patients had had previous ligations 
of the veins. 

1950 Group (Complete Stripping).—The 
200 patients included in this group were 
chosen at random from about 500 patients 
who were operated on for varicose veins in 
1950. Again, only patients with disturbances 
of the greater saphenous veins were included. 
Patients with chronic deep venous insuf- 
ficiency were excluded. 
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Fig. i—(s) 





Appearance before complete-stripping operation; (b) 
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veins removed; (c) 


location of incisions used; (d) appearance after operation, 


In this group there were 139 women and 
61 men who underwent complete stripping 
in the lower extremities, 321 extremities 
being so treated. Stripping of the main vein, 
as well as collateral superficial veins, from 
the dorsum of the foot to the sapheno- 
femoral juncture; direct dissection of all 
superficial plexuses and tortuous veins, and 
individual ligation and resection of all per- 
forating vessels were all steps in this com- 
The aim was 
surgical elimination of any incompetent or 
perforating vein that otherwise would re- 


plete-stripping operation. 


main and be a persistent or a recurrent 
varicose vein (Fig. 1). 
During the immediate postoperative 


period, injection therapy was not necessary 
for 29 patients. In the other 171 patients of 
the group, injection therapy was given for 
small remaining veins. The amount of 
sclerosing solution (5% solution of sodium 
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morrhuate was used at that time) averaged 
5 cc. per patient. 

The average age of the patients was 58 
years, the range being from 29 to 77. The 
average duration of symptoms was 16 years. 
Twenty-seven patients had had previous li- 
gations for varicose veins. 

Symptoms and Complications —Although 
some patients did not complain of any 
symptoms from their varicose veins, the 
great majority when 


listed symptoms 


TABLE 1.—Symptoms from Varicose Veins 











1940 Group 1950 Group 
Number Per Cent* Number Per Cent * 
Aching 148 74 118 59 
Edema 135 68 116 58 
Heaviness 131 66 90 45 
Cramping 99 50 92 46 
Itching 51 26 74 37 
Burning 28 14 51 26 





* Based on 200 patients 
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STRIPPING VS, LIGATION FOR VARICOSE VEINS 


TasLe 2.—Criteria for Rating Results at 
Follow-Up Examination 








Excellent: No remaining varices. Injection therapy: 0 to 1 cc. 
per limb 

Good: Few tiny varices. Injection therapy: 2 to 4 ec. per limb 

Fair: Several varices or collateral veins. Injection therapy: More 
than 4 ce. but less than 10 ce. per limb 

Poor: Large persistent or recurrent varices. Very extensive in- 
jection therapy required (10 cc. or more per limb), or further 
operation necessary for recurrence 





questioned, and these were recorded on a 
special record made out for each patient 
prior to The predominating 
symptoms were aching, edema, heaviness, 
and cramping. It is of interest that the 
symptoms followed a similar pattern of 
incidence for the two groups (Table 1). 

The listed complications from varicose 
veins included superficial ulceration in 31 
patients of the 1940 group and in 9 patients 
of the 1950 group, superficial phlebitis in 
15 patients of the 1940 group and in 21 of 
the 1950 group, and ruptured veins in 1 of 
each group. 

Indications for Surgical Treatment.—In 
general, indication for surgical treatment in 
both groups was the presence of an in- 
competent greater saphenous vein, as de- 


operation. 


Taste 3.—Follow-Up Examinations in the 1940 Group * (Ligation) 


termined on the basis of a positive response 
to the compression test (modified Schwartz- 
Heyerdale test) and a positive response to 
the retrograde filling test. For recurrent 
veins, surgical treatment was recommended 
for both groups if an extensive collateral 
hook-up in the groin was present, and for 
the 1950 group if the greater saphenous 
channel was extensively recanalized or if 
large incompetent perforators were present. 

Evaluation of Results —The criteria for 
evaluation of results, based entirely on the 
objective findings noted at the time of fol- 
low-up examination, are listed in Table 2. 
The degree of breakdown of superficial 
veins, the need for and the amount of in- 
jection therapy for any persistent or new 
varices, and the presence of large recurrent 
varices that required further surgical treat- 
ment determined the differences in excellent, 
good, fair, and poor results. 


Results and Comment 
When the condition of the limbs examined 
during each postoperative year was tabu- 
lated according to previously defined criteria, 











Postoperative Year 











1 2 3 4 5+ ft 
No. Per Cent No. Per Cent No. Per Cent No. Per Cent No. Per Cent 
Limbs examined 61 na 31 ‘nis 33 nas 36 _ 140 _ 
Condition : 
Excellent 19 10) ) ll} 42 ) 
60 ; 55 33 } 44 \ 40 
Good 18 | 7 J 3 | 5 | “4 | 
Fair 12 20 6 19 3 9 1 3 7 5 
Poor 12 20 8 26 19 58 19 53 77 55 
Further operation advised 3 5 4 13 7 21 8 22 51 36 
* A group of 137 patients. 
+ On basis of last examination during period. 
TABLE 4.—Follow-Up Examinations in the 1950 Group * (Stripping) 
Postoperative Year 
1 2 3 Pee ie: ee re 
No Per Cent No. Per Cent No. Per Cent No. Per Cent No , Per Cent 
Limbs examined 131 i 89 51 46 128 
Condition 
Excellent 4 | 69 | 39 33} 90 
> u4 > 94 96 91 94 
Good 2 «J 15 } 10 } 9 } 30 «| 
Fair s 6 5 6 2 4 4 9 s 6 
Poor 0 0 0 "i 0 0 





* A group of 158 patients. 
t On basis of last examination during period. 
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a striking difference in the results obtained 
in the two groups was evident (Tables 3 
and 4). Whereas the incidence of excellent 
and good results after high ligation declined 
definitely during the first three postoperative 
years, before reaching a fairly stable level, 
the incidence of similar results after com- 
plete stripping did not decline but remained 
stable at a high level (Fig. 2). Undoubted- 
ly the recanalization of injected varices and 
the persistence of large and small perforat- 
ing veins accounted for this relatively early 
decline in satisfactory results after high 
ligation and retrograde injection. Even after 
extensive injection therapy, nature’s con- 
tinuous efforts will recanalize an occluded 
vein if given time. The complete-stripping 
operation eliminates the veins and perforat- 
ing vessels that otherwise would remain in 
the thigh, leg, and foot. Hence the 
portance of a thorough removal of all in- 
competent superficial venous systems cannot 


im- 


be overemphasized. 

The group of patients who were examined 
five years or more after surgical treatment 
is of most interest, for the success or failure 
of any operative procedure is best de- 
termined by the test of sufficient time. The 
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Postoperative yeor 


<== Stripping in 1950 (158 pts.) 

ft 
Excellent ond 9006 Ligation in 1940 (137 pts.) 
Recurrence-needing surgery ----- 1940 group only 


Fig. 2—Comparison of the results of the two 
procedures one or more years after operation. 
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Excellent 
30% 
Excellent 
Good 10% 70% 
Foir 5% 
Poor 
55% 
Good 24% 
Fair 6% et. 
High ligation Complete stripping 
1940 group 1950 group 
140 limbs 128 limbs 


(101 potients) (81 patients) 


Fig. 3.—Comparison of the results of the two 
procedures five or more years after operation. 


results obtained in 101 such patients in the 
1940 group and 81 such patients in 
the 1950 group are shown in Figure 3. Only 
the results of the last follow-up examination 
were used for patients who were examined 
more than once five years or more after 
operation. It is noteworthy that 94% of the 
limbs that had been subjected to complete 
stripping were in excellent or good condition, 
whereas only 40% of the limbs that had 
been subjected to high ligation were in a 
similar satisfactory state. No poor results 
were found five years or more after strip- 
ping, whereas in 55% of the limbs sub- 
jected to high ligation the 
classified as poor. 


results were 


16 disclosed that recur- 
rence of varicose veins after high ligation 
is caused by inadequate saphenofemoral li- 
gation, recanalization of superficial veins, 
and the persistence of perforating veins. The 
high ligations had been done adequately by 
the two surgeons in 1940, so that inadequate 
ligations were not a factor in this particular 
group of patients. Recanalization of injected 
superficial veins, development of collateral 
hook-ups between remaining open veins, and 
the presence of perforating vessels in the 
thigh, leg, and foot were important factors 
in causing recurrence after high ligation. 
Whereas none of the limbs having had com- 
plete stripping for varicose veins in 1950 
required further surgical treatment for re- 


A previous study 
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STRIPPING VS. LIGATION FOR VARICOSE VEINS 


Taste 5.—Incidence of Surgical Recurrence im 
the 1940 Group 











Years After High Ligation * 


Five or More 





One or More 


Limbs examined 210 (137) 140 (101) 
Further operation advised 68 (50) 32% 51 (37) 36% 
Religation done 18 (15 12 (9) 
Stripping done 2 =(17) 24 =(17) 
* Numbers in parentheses represent patients 
currence, 68 (32%) of the 210 limbs 


examined one or more years after high 
ligation required further surgical treatment 
because of recurrence (Table 5). In terms 
of patients rather than limbs, more than a 
third of those who underwent high ligation 
in 1940 were advised to have further sur- 
gical treatment for recurrence during the 
follow-up period represented by this study, 
and nearly a fourth of these actually had 
further treatment by ligation or stripping 
at the Clinic. Five or more years after high 
ligation, the incidence of surgical recur- 
rence had 36% for all limbs 
examined (51 out of 140). 


risen to 


Advantages and Disadvantages of the 
Stripping Operation—We have found the 
complete-stripping operation the most satis- 
factory of all in the surgical management of 
varicose veins. This procedure offers the 
advantages of (1) a better chance for a last- 
ing satisfactory result, (2) an extremely low 
recurrence rate, (3) less future disability 
from varicose veins, and (4) less loss of 
time for follow-up treatments. The disad- 
vantages of the procedure are that (1) if 
done properly, it is very extensive and 
time-consuming and requires general anes- 
thesia, (2) it entails an initially greater 
loss of time away from work, (3) it oc- 
casionally is associated with a slight delay in 
wound healing, and (4) it necessitates con- 
finement to a hospital. 


Summary and Conclusions 


In a comparison of the follow-up results 
obtained in a group of 200 patients who 
underwent high ligation for varicose veins 
with the results obtained in a group of 200 
patients who underwent a complete-stripping 


Lofgren et al. 


operation, the following observations were 
made : 

1. Of 140 limbs examined five years or 
more after high ligation, 40% were classi- 
fied as having excellent or good results, 5% 
fair results, and 55% poor results. 


2. Of 128 limbs examined five years or 
more after complete stripping, 94% were 
classified as having excellent or good re- 
sults, 6% as having fair results, and none 
as having poor results. 

3. The incidence of recurrence requiring 
further surgical treatment was 36% for the 
limbs subjected to high ligation, whereas it 
was zero for the limbs subjected to com- 
plete stripping. Recanalization of injected 
superficial veins and the presence of per- 
sistent perforating veins were important fac- 
tors in the high recurrence rate after high 
ligation. 

These results are convincing evidence of 
the superiority of complete stripping over 
high ligation in the surgical treatment of 
varicose veins. 


Section of Publications, Mayo Clinic. 
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DISCUSSION 


Dr. Ropert A. NABatorr, New York: We have 
performed approximately 1000 stripping operations 
for varicose veins and have found that stripping 
is preferable to the high-ligation or multiple- 
ligation technique. The entire stripping procedure 
is routinely performed under local anesthesia, 
using 1% procaine hydrochloride solution along 
the course of the stripped veins. The period of 
required hospitalization has been reduced to one 
day, and patients are “walked” one hour after 
operation. This technique has minimized the cost 
of operation and the number of treatments re- 
quired after surgery. 

Nabatoff’s dis- 
We have found general anesthesia pre- 


Dr. Lorcren: | appreciate Dr. 
cussion. 
ferable, as it permits a much more extensive 
operation. 





Esophagobronchial Fistula Due to Esophageal 


Traction Diverticulum 


Review of Literature and Report of 


Case 


WILLIAM R. C. STEWART, M.D.; KARL P. KLASSEN, M.D., and ALEXANDER P. HORAVA, M.D., 


Columbus, Ohio 


A fistulous communication between an 
esophageal traction diverticulum and the tra- 
cheobronchial tree appears to be of rare oc- 
currence, only 21 cases having been found 
on review of the literature. A patient with 
such a lesion and symptoms of an esophago- 
bronchial fistual of 21 years’ duration 
recently came under our observation. Re- 
section of the traction diverticulum of the 
esophagus and the superior segment of the 
right lower lobe resulted in complete cure. 

A fistulous communication between a trac- 
tion diverticulum and the tracheobronchial 
tree may result from either perforation of 
an inflamed and ulcerated diverticulum or an 
extension of the original inflammatory proc- 
ess which iniated diverticulum formation. 

These traction diverticula are unrelated 
to Zenker’s, or pulsion, diverticulum of the 
cervical esophagus, which is merely an out- 
pouching of esophageal mucosa and sub- 
mucosa between the pharyngeal constrictor 
muscles. The traction diverticula are caused 
by contraction of inflammatory lesions be- 
tween the esophagus and the peribronchial 
lymph nodes and are true diverticula. Ini- 
tially they contain all muscle coats and are 
capable of contractions; later, because of 
pulsive forces, they may be composed only 
of mucosa. They are most commonly located 
on the lateral wall of the esophagus near the 
level of the pulmonary hilus, are usually less 
than 2 cm. in length, and are often multiple. 
The diverticulum is pulled transversely or 


Submitted for publication July 12, 1957. 

From the Division of Thoracic Surgery, Depart- 
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ology, The Ohio State University Health Center. 


upward by the contracting adhesions ; there- 
fore symptoms common in other types of 
diverticula, such as retention of food with 
occlusion of the esophagus and regurgita- 
tion, are rare.’ 

As Mellins? points out, the exact etiology 
of most of these diverticula is impossible to 
ascertain, as the patient is usually asympto- 
matic during their formation. When com- 
plications, and therefore symptoms, arise 
and surgery is indicated, only chronic in- 
flammatory tissue remains. 

Complications from these diverticula are 
uncommon and include hemorrhage, divertic- 
ulitis secondary to obstruction of the lumen, 
abscess formation, and perforation. Free 
perforation into the mediastinum or pleural 
space is rare, as the surrounding tissue gen- 
erally has a marked chronic inflammatory 
reaction. 

The first reported case of a fistula occur- 
ring between the tracheobronchial tree and a 
traction diverticulum was described by 
Hawes* in 1921. The patient was a 42- 
year-old woman with a three-year history of 
expectorating food particles. Chest films 
demonstrated healed tuberculosis with a hilar 
lymph node enlargement. Swallowed barium 
was noted to fill the diverticulum in the hilar 
area and flow into the respiratory tract. 

Pape,* in 1934, reported the case of a 
60-year-old man with pulmonary tubercu- 
losis in the right lower lobe and a two-year 
history of expectoration of food particles. 
X-ray examination demonstrated two large 
and two small traction diverticula. One of 
these had perforated into the right lower 
lobe bronchus. 
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Coleman and Bunch® were able to find 
only 11 reported cases of esophagotracheo- 
bronchial fistula secondary to a traction 
diverticulum in their review of the world’s 
literature in 1950, including the 2 cases men- 
tioned above. In many of these cases the 
diagnosis was established on the basis of 
x-ray evidence alone. Location of the fistula 
was given in only nine of the cases reported. 
In seven cases the communication was be- 
tween a secondary bronchus and the esopha- 
gus, while in two cases a main bronchus was 
involved. 

In 1951 Jenkinson and Bate* reported 
the case of a 61-year-old man in whom a 
fistulous communication between a traction 
diverticulum and the right main-stem bron- 
chus was discovered during a gastrointes- 
tinal examination for an unrelated complaint. 
Further questioning revealed symptoms ap- 
parently related to the fistula dating from an 
episode of pneumonitis five years previously. 
Treatment with the sodium-hydroxide-cau- 
tery technique described by Clerf et al.’ 
resulted in closure of the fistula. 

Jaubert de Beaujeu,® in 1952, reported 
eight additional cases of esophagobronchial 
fistula associated with traction diverticulum. 
Because of the high incidence of associated 
chronic pneumonitis and bronchiectasis, he 
recommended surgical closure of the fistula 
with resection of any diseased pulmonary 
tissue as the surgical procedure of choice. 

Duprez, Wittek, and Dumont® recently 
published the case of a 41-year-old man who 
had a left lower lobectomy for bronchiectasis 
and was found to have, at the time of sur- 
gery, a previously undiscovered fistula be- 
tween the posterior basal bronchus and a 
traction diverticulum of the esophagus. 


Report of Case 


A 52-year-old white housewife was admitted to 
the thoracic surgery service of the University 
Hospital on Jan. 7, 1957, with the chief complaint 
of a chronic cough, more marked with meals, of 
21 years duration. 

The patient had been in excellent health until 
21 years prior to admission, at which time, while 
scarlet fever, she noted the 


convalescing from 
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onset of intermittent episodes of violent coughing 
following the ingestion of liquids or solids. With- 
in the following year she became aware that un- 
digested food particles were frequently present in 
her sputum, These symptoms persisted without 
marked change in severity for the next 20 years 
and were associated with occasional episodes of 
hemoptysis, nocturnal choking, shortness of breath, 
and expectoration of portions of the evening meal. 

During the past 12 years the patient had had 
four episodes of right lower lobe pneumonia. The 
last episode occurred 19 months prior to admission. 

Although the patient consulted 
physicians during this period, she failed to men- 
tion coughing up food particles, which she at- 
tributed to associated regurgitation. 


occasionally 


Three weeks prior to admission, during an upper 
gastrointestinal examination at her local hospital 
for an unrelated complaint, barium was noted to 
pass from the esophagus into the tracheobronchial 
tree. She was referred to University Hospital for 
evaluation and treatment. 

On physical examination the patient was found 
to be a well-developed, thin white woman, who did 
not appear acutely or chronically ill. Positive 
physical findings were limited to the chest, where 
a few coarse were noted in the right 
posterior lung base. 


rales 


Laboratory tests and pulmonary function studies 
were all within normal limits. Skin tests for 
histoplasmin and second-strength purified protein 
derivative of tuberculin U. S. P. were negative. 
The plain film of the chest showed increased hilar 
markings bilaterally. 


Fig. 1.—Roentgenogram following iodized oil 
U. S. P. swallow, demonstrating the traction 
diverticulum arising from the midesophagus and 
communicating with the bronchiectatic superior 
segment of the right lower lobe. 
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Fig. 2.—Bronchogram showing essentially nor- 
mal basal segments bilaterally. 

A iodized oil U. S. P. (Lipiodol) swallow 
demonstrated communication between a diverticu- 
lum arising from the right lateral wall of the 
midesophagus and the uppermost subsegmental 
bronchus of the bronchiectatic superior segment 
of the right lower lobe (Fig. 1). 
raphy no evidence of could be 
demonstrated in the remaining right lower lobe 
bronchi (Fig. 2). The contrast medium was not 
retained in the right lower lobe superior segmental 
bronchi. This finding was attributed to the passage 
of secretions from the esophagus through the 
fistula into the bronchus at this level, 
sultant washing out of the dye. 


On_ bronchog- 
bronchiectasis 


with re- 


On esophagoscopy an 8 mm. oval opening was 
observed on the right anterolateral wall of the 
midesophagus, which opened and closed with res- 
piration. A small amount of methylene blue in- 
into this precipitated an 
of violent coughing with immediate appearance of 


jected orifice episode 


dye in the sputu’a. 
On Jan. 11, the right pleural space was entered 


through a standard posterolateral thoracotomy 


incision, Numerous adhesions were encountered 


between the superior and the parietal 
The superior segment of the right lower 


lobe was indurated and appeared airless. 


segment 
pleura. 
On vis- 
ualizing the esophagus, a diverticulum was noted 
at the level of the right hilus, measuring 3 cm. in 
length and 8 mm. in diameter. It originated from 


the anterolateral esophageal wall and extended 


directly into the lung at the level of the superior 
segment of the right lower lobe. The proximal 2 
cm. of the diverticulum was free of adhesions; 
however, the distal 1 cm. was adherent to a fibrotic, 


partially calcified peribronchial lymph node, which 
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measured 1 cm. in diameter and appeared to be 
the result of (Fig. 3). 
Other lymph nodes of similar appearance were 
present in this area. 


chronic lymphadenitis 


In view of the localization of pulmonary disease 
to the superior segment of the right lower lobe, a 
segmental resection was carried out. The divertic- 
ulum was then isolated, and its proximal portion 
was excised flush with the esophagus. The mucosa 
and muscularis were closed in separate layers with 
interrupted sutures. 


Pathological examination of the resected speci- 


men showed bands of chronic inflammatory tissue 
surrounding the resected portion of esophageal 
diverticulum, as well as the adjacent bronchus. 
It was noted that the diverticulum lost its muscular 
component close to the bronchus. Here the in- 
flammatory bands were especially conspicuous. The 
superior segment of the right lower lobe was 
diffusely indurated and airless. Microscopic exam- 
ination revealed an intact lining of the diverticulum 
with esophageal mucosa, organizing and adhesive 
inflammation around the diverticulum and bronchus, 
and many fibrous adhesions between the divertic- 
ulum, periesophageal tissues, and visceral pleura. 
An area of direct contact between squamous epithe- 
lium of the diverticulum and columnar bronchial 
epithelium could be demonstrated (Fig. 4). The 
adjacent lung showed a diffuse, chronic, non- 
specific pneumonitis. 

The patient’s postoperative course was unevent- 
ful, and she was discharged, asymptomatic, on her 
12th postoperative day. At that time a repeat 
iodized oil swallow demonstrated no abnormality 


of the esophagus. 


Fig. 3—Schematic drawing of the esophageal 
diverticulum entering the superior segment of the 
right lower lobe, as found at surgery. 





Fig. 4.—Photomicro- 
graph of the specimen 
resected showing the 
esophageal mucosa of 
the diverticulum and the 
columnar bronchial epi- 
thelium. There is severe 
chronic inflammatory re- 
action in the submucosa. 


Comment 


The foregoing case is unique not only be- 
cause of the long-standing (21 years) his- 
tory of symptoms related to the fistula 
before diagnosis and the institution of treat- 
ment, but also because of the remarkable lo- 
calization of the associated bronchial and 
pulmonary infection. 

The traction diverticulum in this case was 
apparently secondary to a nontuberculous 
pneumonitis associated with mediastinal lym- 
phadenitis which occurred either prior to or 
concomitant with the episode of scarlet 
fever. The relationship of this disease to the 
traction diverticulum and the fistulous com- 
Membraneous 
esophagitis with ulceration has been de- 
scribed in association with scarlet fever.’ It 


munication is questionable. 


can be postulated that ulceration in a previ- 
ously present diverticulum led to rupture 
into the tracheobronchial tree. 


In the past, various methods have been 
suggested for the closure of fistulous com- 
munications between the esophagus and the 
tracheobronchial tree. Gastrostomy and naso- 
gastric tube feedings in an attempt to by- 
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pass the fistula until closure is affected have 
Clerf ‘ 
and others have been successful in initiating 
closure of some of the smaller fistulas with 
sodium hydroxide cautery through an esoph- 
agoscope. Simple surgical excision or 
closure has proved successful in selected 
cases, 


proved universally unsatisfactory. 


Most patients with long-standing esopha- 
gotracheobronchial fistulas have associated 
chronic inflammatory changes in the lung, 
and simple surgical closure of the fistula in 
such cases is inadequate. In order to ensure 
successful results, surgical management 
must include resection of the diseased pul- 
monary tissue. The extent of the resection 
should be guided by the preoperative chest 
film, bronchograms, 


studies, and gross appearance of the lung at 


pulmonary function 
the time of surgery. 


Summary 
The etiology, pathology, and management 
of esophagotracheobronchial fistulas second- 
ary to esophageal traction diverticula are dis- 


cussed, and the literature is briefly reviewed. 


Vol. 76, Feb., 1958 





ESOPHAGOBRONCHIAL FISTULA 


In 21 previously reported instances a trac 
tion diverticulum of the esophagus resulted 
in an esophagotracheobronchial fistula. 

A case is presented illustrating the diag- 


nostic features, clinical course, and prin 


ciples of successful surgical management. 
Division of Thoracic Surgery, The Ohio State 
University Health Center 
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Small-Bowel Obstruction After Gastrectomy 


ERNEST M. BERKAS, M.D., and DONALD J. FERGUSON, M.D., Minneapolis 


Small-bowel obstruction 
tomy is a serious complication that is at 
times difficult to recognize. It is only with 
early recognition and aggressive surgical 
intervention that good results can be ex- 
pected in cases of bowel obstruction with 
strangulation. Some postgastrectomy bowel 
obstructions probably could be averted by 
an improvement or a modification of the 


after gastrec- 


surgical technique used. 

During the 18-month interval, September, 
1955, to March, 1957, a total of 156 gas- 
trectomies have been done at the Minneap- 
olis Veterans’ Administration Hospital for 
benign and malignant upper gastrointestinal 
disease. Small-bowel obstruction occurred 
postoperatively five times, or in 3.3% of 
obstruction 


Small-bowel was 


of the 4 patients who died 


the cases. 
present in 2 
after gastrectomy and was, therefore, a 
chief cause of death in these 156 gastrec- 
tomies. In addition to the five postoperative 
cases, three patients entered the hospital 
during the same 18-month interval and were 
treated for small-bowel obstruction after 
having had a gastrectomy 3 to 11 years 
previously. 
Case 1.—A 29-year-old man required surgery 
for a duodenal ulcer with obstruction. A 75% 
subtotal gastrectomy with a retrocolic isoperi- 
staltic gastroenterostomy was done. On the third 
postoperative day the patient developed abdominal 
pain, which progressed in severity. Abdominal 
distention developed in spite of a functioning naso- 
gastric tube. The leukocyte count was 10,000 per 
cubic millimeter. X-ray study revealed distended 
small-bowel loops in the midabdomen and a large 
amount of gas in the right colon. Just after the 
x-ray films were taken, the patient had a 300 cc. 
liquid, bloody stool. His systolic blood pressure 
dropped from 130 to 90 mm. Hg. The shock was 
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Fig. 1.—Internal hernia posterior to the gastro- 
enterostomy. 


preparation was 
for immediate abdominal exploration. A 
herniation of the jejunum through a ring bounded 
anteriorly by the gastroenterostomy, inferiorly by 
the ligament of Treitz and posterior peritoneum, 
and superiorly by the transverse mesocolon was 
found (Fig. 1). The gangrenous portion, which 
was 10 ft. (300 cm.) in length, or about half of 
his entire small bowel, was resected, and a new 
gastroenterostomy was made. Postoperatively the 
patient is maintaining his weight and does not have 
diarrhea. 
Petersen * in 


treated with transfusions, and 


made 


1900 first described this 
hernia site after gastroenteros- 
Mayo,*® in 1922, recommended the 
closure of this potential ring when doing 
either an anterior or a posterior gastro- 
This 
closed if a short-loop, retrocolic, antiperi- 
Sstaltic gastrojejunostomy has been done. 
Wangensteen ® recommends the partial di- 
vision of the peritoneal reflections of the 
ligament of Treitz to permit a very short 
loop, or actually a gastroduodenal recon- 
struction. In the present instance, the sur- 
geon was cognizant of the potential hernia 


potential 
tomy. 


enterostomy. ring is most easily 





SMALL-BOWEL OBSTRUCTION 


site, but the closure was technically inade- 
The mainte- 
nance of nutrition after excision of such 


quate to prevent herniation. 


a large segment of proximal small bowel 
may appear somewhat unusual. Recent ex- 
perimental work of Kremen, Linner, and 
Nelson,? from this laboratory, has shown 
that removal of up to 70% of the proximal 
small intestine of dogs leaves no ill effects. 
Sacrifice of the distal 50% 
profound interference with fat absorption 


produces a 


and is associated with loss of weight. 
CASE 2. 
trectomy 


A 67-year-old man had a subtotal gas- 
1941 for 
He entered our hospital 15 years later, in 
with 


done elsewhere in duodenal 
ulcer. 
1956, 


emesis, which began 12 hours before admission. A 


upper abdominal discomfort and 
stomal ulcer was suspected, and the patient was 
observed with gastric suction tube in place. During 
the next 12 hours the gastric drainage was noted 
to increase in amount and have a pink color. A 
mass developed in the left upper quadrant that 
was not particularly tender. The leukocyte count 
was 6800 per cubic millimeter. The x-rays without 
contrast material did not aid us preoperatively. 

small-bowel ob- 
internal 
made ; jejunogastric intussusception was considered 
but not suspected strongly 
quency 


A diagnosis of strangulating 


struction, due probably to hernia, was 
because of its infre- 
At exploration a nonreducible retrograde 
jejunogastric intussusception was found, necessitat- 
The 


ing resection of 3 ft. (90 cm.) of jejunum. 


postoperative course was uneventful (Fig. 2). 


Fig. 2.—Jejunogastric intussusception. 


Berkas—Ferguson 


Retrograde jejunogastric intussusception 


may occur after gastroenterostomy with or 


without gastrectomy. It does not 
to be related to the type of stoma and may 
occur days or years after gastroenterostomy. 
In a survey of the literature, Irons and 
Lipin found that 100 cases had been re- 


ported up to 1955; most of these were in 


appear 


the European literature. The mortality up 
to recent years has been quite high, pri- 
marily because of nonoperative treatment. 
The use of a contrast agent via the gastric 
tube would easily establish the diagnosis 
preoperatively. 

a subtotal gas- 
1951, 
hospital in 1956 with abdominal pain. 


Case 3.—The patient, who had 
entered our 
He had mild 


passing 


trectomy done elsewhere in 


distention, had vomited once, and 
flatus. X-ray 
loop of small bowel in the midepigastrium and 
marked limited to the 


was 


some study revealed a distended 


colonic distention, right 


half of the colon. This x-ray picture suggested 
to our radiologists venous obstruction, as well as 
treated 

The 
morning there was less distention; he had passed 


partial bowel obstruction. He was non- 


operatively with suction overnight. next 
small amounts of flatus, and his x-rays showed 
less gas in the small bowel, but a still dilated right 
The leukocyte count was 21,000. The pa- 


tient still complained of enough abdominal pain to 


colon 


require narcotics and had some abdominal tender 


ness. Exploration was advised. A thick adhesive 


band extended from the central aspect of the 


greater omentum to the mesentery of the terminal 
(60 cm.) of distal 


ilec CC | ic 


Beneath this band 2 ft 
The 


terminal branches were thrombosed, resulting in 


ileum. 
ileum had herniated. vein and its 
venous infarction of the terminal ileum and edema 
of the The adhesive 
band had obstructed the veins, but only partially 
The 


terminal ileum and right colon were resected, and 


cecum and its mesentery. 


the lumen, of the herniated small bowel. 


a primary anastomosis was done. The postopera- 
tive course was uneventful 

This case emphasizes that luminal ob- 
struction is not necessarily the essential 
element of bowel obstruction. The adhesive 
band in Case 3 obstructed the venous drain- 
age of the terminal ileum and right colon 
and partially obstructed the lumen of the 
ileum. The partial obstruction permitted 
air and fluid to enter the right colon; the 
venous obstruction led to right colonic dis- 


tention and venous infarction. The knowl- 
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edge that a patient with bowel obstruction 
does not have complete luminal obstruction 
must not be used as an argument against 
surgical exploration if other signs point to 
a vascular obstruction. 

Case 4.—The patient had a subtotal gastrectomy 
performed in 1954 for an intractable duodenal 
ulcer. A bilateral subcostal incision was used. The 
round ligament was divided. He reentered our 
hospital Nov. 25, 1956, with symptoms of small- 
bowel obstruction. X-ray study revealed abnormal 
gas above the liver just to the right of the mid- 
line. This gas was thought to be in the bowel. The 
patient had constant epigastric pain and tenderness 
about the central portion of his wound. The 
clinical picture, together with the x-ray interpreta- 
tion, suggested strangulation, and the patient was 
therefore operated upon shortly after admission to 
the hospital. A loop of ileum had herniated through 
the falciform ligament from right to left, posterior 
to the abdominal wall and anterior to the round 
ligament, which had evidently reunited. The 
herniated 15 in. (38 cm.) of ileum was infarcted 
and was resected. The postoperative course was 
without complications (Fig. 3). 

Internal hernia due to adhesive bands 
can probably be prevented only by avoiding 
abdominal The internal hernia 
through a defect in the falciform ligament 


is a rare complication of an upper abdom- 


surgery. 


inal transverse incision, where the round 
and falciform ligaments must be divided. 
The excision of 5 cm. of the round ligament 
would probably prevent the development of 
this internal hernia. 

Case 5.—A 6l-year-old man was transferred 
to our hospital because of jaundice and weight 


loss. Twenty months prior to transfer, a cancer 


Falciform Lig. 


Fig. 3.—Internal hernia through a defect of the 
falciform hgament. 
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of the ampulla of Vater had been locally resected 
elsewhere. The patient had done very well for 19 
months. In April, 1956, a recurrent tumor was 
resected by the conventional Whipple procedure. 
For 10 days postoperatively there was moderate 
from a left Penrose drain, 
after which time the drainage decreased and the 
drain 


drainage subcostal 


During the next five days 
the patient complained of a full feeling in his 


was removed. 


upper abdomen, constipation, anorexia, a_bilious 
taste in his mouth, and occasional vomiting. The 
patient was afebrile during his entire postoperative 
period. An efferent-loop obstruction was suspected 
and confirmed by a thin barium swallow. At re- 
exploration a high-grade mechanical obstruction of 
the gastrojejunal anastomosis was found to be due 
to fibrous adhesions between loops of jejunum and 
the abdominal wall. Through the center of these 
adhesions was the old Penrose drain tract. When 
the fibrous tract was excised, the efferent limb of 
the gastrojejunal anastomosis ballooned out into 
a normal diameter. The abdomen was 
closed without drainage, and the patient has done 
well to date. 


one with 


The rather extensive postoperative drain- 
age, together with marked adhesive reaction 
about the drainage tract, suggests that there 
was anastomotic leakage. Without the leak- 
age, there probably would have been no 
obstruction. Efferent-loop obstruction does 
not have the urgency associated with affer- 
ent-loop obstruction, as vomiting will de- 
crease the pressure if the afferent stoma is 
patent. Our patient was at least partially 
obstructed for five days before surgical 
relief was given. 

Case 6—A_ 63-year-old, jaundiced man 
found to have gastric polyps, in addition to gall- 
bladder disease. The blood urea nitrogen was 37 
mg. per 100 cc.; it fell to 17 mg. per 100 cc. with 
forced fluids. The phenosulfonphthalein excretion 
was only 50% of normal. It was thought he had 
arteriosclerotic kidney disease as the cause of his 
poor renal function. Eleven days after cholecyst- 
ectomy, choledochostomy, and a Billroth Type II 
gastrectomy, barium failed to leave his pouch 
during 15 minutes of fluoroscopic observation. His 
blood urea nitrogen was elevated to 93 mg. per 100 
cc., and his carbon dioxide-combining power de- 
creased to 9 mEq. per liter. Treatment with gastric 
suction for four days and sufficient intravenous 
fluid to give a daily urine output of 3 liters re- 
sulted in a normal blood urea nitrogen and normal 
gastric emptying. 

It is quite likely that the atony of the 
stomach sometimes associated with uremia 


was 
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Fig. 4.—Left, isoperistaltic esophagojejunostomy 
Note that a twist must occur between the 
ligament of Treitz and the anastomosis with this 
reconstruction. If this distance is short, an ob- 
struction may occur. Right, antiperistaltic short- 
loop esophagojejunostomy (after Wangensteen). 


was largely responsible for this apparent 
postoperative stomal obstruction. 

7—A_ 60-year-old with a gastric 
carcinoma was treated by resecting en bloc the 


CASE man 
entire stomach, spleen, tail of the pancreas, and 
a segment of transverse colon. Reconstruction was 
accomplished by an end-to-side, isoperistaltic, retro- 
colic esophagojejunostomy, and a jejunojejunostomy 
A nasogastric tube was placed 
into the efferent loop. 
when 


and colocolostomy. 
Five days after surgery, 
the nasal tube had been removed and 
gastrointestinal transit had been established, the pa- 
tient began to complain of increasing abdominal 
discomfort. Icterus was noted, and the total serum 
bilirubin had increased to 14 mg. per 100 cc. 10 
days after surgery. 
terpreted as showing ileus. On the 11th postopera- 
tive day free air in the peritoneal cavity was 
recognized. At reexploration the duodenal loop was 


Abdominal x-rays were in- 


found to be distended to three times its normal 
size. A half-turn in the duodenum at the ligament 
of Treitz resulted in an afferent-loop obstruction 
(Fig. 4, left). The distended loop interfered with 
circulation in the transverse colon and caused dis- 
ruption of the colon anastomosis and the resulting 
pneumoperitoneum., The patient died of peritonitis 
two days later. 

Abdominal bowel 


transit, and increasing jaundice in a post- 


discomfort, normal 
operative gastrectomy patient should have 
led us to an earlier diagnosis of afferent- 
loop obstruction. X-ray diagnosis is almost 
impossible; even in retrospect, our radi- 
ologists were unable to demonstrate the 
obstructed, fluid-filled, retroperitoneal duo- 
denal loop. Wangensteen ® has emphasized 
that afferent-loop obstruction is less likely 
to occur if a short antiperistaltic jejunal 
loop is brought up to the stomach or esoph- 
agus (Fig. 4, right). The passage of a nasal 


Berkas—Ferquson 


tube well into the duodenum at operation 
assures an open stoma and decompression 
of the duodenum during the early post- 
Our patient apparently 


operative period. 
had obstruction only after the tube was 


The half-twist in the afferent 
duodenum or jejunum always occurs with 


It is when 


removed. 


an isoperistaltic reconstruction. 
this reconstruction is combined with a short 
afferent loop that the half-twist will cause 
obstruction. 

Case 8.—A 69-year-old, obese man entered the 
hospital with massive upper gastrointestinal bleed- 
ing. After having received 9 units of blood over 
a 20-hour period, he underwent exploration through 
The and 
duodenum externally appeared normal. The liver 


a bilateral subcostal incision. stomach 
was firm and granular, as in mild cirrhosis. A rent 
in the mesentery of the ileum occurred during the 
manipulation of the blood-filled 


search for a possible Meckel diverticulum. 


small bowel in 
The 
10 cm. of ileum whose mesentery had been injured 
and repaired appeared viable. A duodenal ulcer 
was then found; the bleeding from the ulcer was 
controlled, and a segmental gastrectomy was done. 
After surgery the patient did poorly. Distention 
persisted, and he became jaundiced, febrile, and 
oliguric. His blood urea nitrogen rose from a 
preoperative value of 50 mg. to 100 mg. per 100 cc. 
The patient died 11 days after surgery despite 
supportive measures. Autopsy showed that the 19 
cm. of ileum supplied by the injured mesentery 
was infarcted and necrotic. 


The clinical impression was that post- 
operatively this patient was suffering from 
renal and liver failure. It was thought that 
the kidneys and liver, with their preexisting 
decreased function, could not tolerate the 
shock and multiple transfusions. The pa- 
tient did abdominal 
tenderness, but the evaluation and interpre- 
tation of this finding in a patient with a 
large incision and recent surgery were quite 


have postoperative 


difficult. The autopsy findings were unex- 


| rected. 
Summary 


These eight cases of small-bowel obstruc- 
tion are each somewhat different in the site 
and mode of obstruction. Each represented 
a serious complication after gastrectomy. 
The group of cases demonstrated to us the 
importance of surgical technique in preven- 
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tion of postoperative obstruction and _ the 
importance of early diagnosis to permit 
successful treatment. Gastrectomies, wheth- 
er they were partial or total, distal or 
segmental, were all vulnerable to the com- 
plication of small-bowel obstruction. The 
high incidence of associated bowel infare- 
tion rendered this complication — serious. 
Six of these eight cases were associated 
with venous 
segment of 


or arterial obstruction of a 
intestine. Death supervened 
In how many of the cases 
the obstruction could have been avoided by 
better or a different surgical technique is 
speculative. 
staltic 


in two cases. 


However, short-loop antiperi- 
gastroenteric reconstruction would 
have decreased the probability of occurrence 
of two of the obstructions. Both deaths 
represented diagnostic inadequacy. 
case recognition of 


In one 
obstruction occurred 
after bowel perforation; in the second 
case unsuspected obstruction was found at 
autopsy. The recognition of an obstruction 
requiring emergency abdominal interven- 
tion was of paramount importance, while 
the determination of the exact site and mode 
of obstruction preoperatively was not neces- 


only 


sary. Four of the eight cases were recog- 


nized as surgical emergencies and were 
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treated by excision of gangrenous bowel. 
The operative and postoperative course in 
those four patients did not appear different 
from the course anticipated after elective 
and anastomoses of 


resection nongangre- 


nous, nonobstructed small bowel. 


Surgical Service, Veterans’ Administration Hos- 
pital, 54th St. & 48th Ave. 
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Surgery Illustrated 


Technique of Thymectomy for Myasthenia Gravis 


RICHARD H. SWEET, M.D.; HENRY R. VIETS, M.D.; ROBERT S. SCHWAB, M.D.; JAMES L. VANDERVEEN, M.D., 


and EARLE W. WILKINS Jr., M.D., Boston 


Preoperative Care 


1. Regulation of basic requirement of 


neostigmine methyl sulfate (Prostigmin) 
must be exact, determined by hospital obser- 
vation or long-term ambulatory control by 
the neurologist. 


2. In the female, the date for surgery is 


chosen so as not to coincide with the ex- 
pected menses. 

3. Enemas are contraindicated in myas- 
thenia gravis. 

4. Preliminary medication consists of a 
sedative, such as pentobarbital (nembutal), 
plus atropine sulfate. Use of narcotics is not 
wise. 

5. A continuous intravenous infusion of 
neostigmine methyl sulfate must be begun 
about one hour before anesthesia. The dose 
is calculated empirically as one-thirtieth of 


the daily oral dose, in milligrams. 


Fig. 1—Position of the patient on the operating 
table. Note separate intravenous infusions for 
neostigmine and blood. 


6. Whole 
is administered through a second, separate 
with 


blood should be available. It 


infusion to avoid interference con- 


tinuity of the neostigmine drip. 


Operative Management 


1. The principles which permit the suc- 
cessful completion of thymectomy in my- 
asthenia gravis include (a@) coordinated 
teamwork of neurologist, anesthetist, and 
surgeon; (b) employment of an anesthetic 
agent without “curarizing”’ effect, which per- 
mits rapid resumption of the conscious state, 
(c) continuous 


intravenous neostigmine methyl sulfate in- 


i. e., cyclopropane U, S. P.; 


fusion, and (d) expeditious conduct of the 
surgical operation. 


2. Technique: See illustrations. 


Postoperative Care 


1. Continuation of neostigmine infusion 
until patient is able to swallow normally. 
(It is better to give too little than too much. ) 


2. Constant attendance by special nurses. 

3. Proximity of available respirator. 

4. Tracheostomy, as necessary for aspira- 
tion of secretions. 

5. Pharyngeal or tracheal suction as 
needed. 

6. Antibiotics. 


7. Coordination of care with neurologist 
and anesthetist. 


87 Chestnut St. (Dr. Wilkins). 


Submitted for publication June 18, 1957 
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Fig. 2.—The incision. A transverse collar in- 
cision at the top is not usually necessary for 
thymectomy in cases of myasthenia gravis. The 
incision extends about three-quarters the length of 
the sternum. 





Fig. 3.—Beginning of median sternotomy with 
the Lebsche shears. 





Fig. 4.—Continuing the sternotomy with the D ard’ 
Lebsche knife and mallet. The sternum is split retractor 
about two-thirds its length, but complete sternotomy 
can be used if necessary. It is better than cutting 
out into an interspace. 
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Fig. 5.—Diagrammatic portrayal of the operative 
field 
Vol. 76, Feb., 1958 








THYMECTOMY 





Fig. 6—The substance of the thymus gland is 
grasped at the start of the mediastinal dissection. 








Fig. 8.—Closure with wire. essential 


This is 
in complete sternotomy and advisable in partial 
sternotomy, where approximation is difficult. A 
hollow-wire guide is passed through punch holes 
in the sternum. 


Sweet et al 


FOR MYASTHENIA GRAVIS 





Fig. 


7.—Division of the thymic arterial branch 
from the internal mammary artery. The left 
pleural sac has been opened. The pericardium 


has been opened. 


Fig. 9.—-The wire 


is brought out through the 
opposite side. 
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Fig. 10.—The fascia is approximated over the 
sternum. 





Fig. 11.-~The closed incision. 
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